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ABSTRACT 


Magnetic bubble memory technology offers several desir- 
able characteristics for applications in space as a mass 
data recording and storage system. 

A modular combination of Intel Corp. state-of-the-art 
four-megabit magnetic bubble memory components is presented 
which can be configured as a digital data recorder of vari- 
able capacity and input rate. 

A description of magnetic bubble memory technology and 


operation is included in an appendix. 
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I. INTRODUCTION 


A. MAGNETIC BUBBLE MEMORIES AND SPACE APPLICATIONS 


[ Ref. 1] states that the desired characteristics for 
space-based memory systems are non-volatility, versatility, 
reliability and ruggedness, and cost effectiveness. 
[Ref. 2] is more specific in stressing the importance of 
radiation hardness and constraints on physical size, weight, 
and power consumption of all space-based systems. 

Many of the references surveyed for this paper describe 
benefits offered by magnetic bubble memory systems for 
applications in space. Most of these benefits are attribu- 
table to the physical properties of magnetic bubble 
memories. 

The cost for placing a specific payload into space is 
derived from both the weight and the volume of the system. 
Magnetic bubble memories are light-weight, compact,  sclid- 
state digital data storage systems configureable in many 
ways to fit different requirements in size and weight, as 
well as performance. 

Space is a harsh environment for which the solid-state 
nature of magnetic bubble memory is well suited. Some memo- 
ries, such as analcg tape recording systems and disk/sdrun 
units, have moving parts which may need lubricants, an 
atmosphere, and a ccntrolled environment for proper opera- 
tion. Solid-state magnetic bubble memories have no moving 
parts, are operable in the vacuum of space, and over a wide 
range of temperatures. The relatively rugged solid-state 
construction also allows easier des ign in withstanding the 
shocks and vibrations experienced by space systems during 
launch and maneuvers. 
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Ambient radiation and its effect on stored digital 
information is another problem still under investigation 
[Ref. 3]. While its associated support components are crdi- 
nary solid-state elements routinely used in space today, the 
data-storing magnetic bubble memory chip is surrounded by 
permanent magnets,  field-producing coils, and a shield to 
isolate these strong magnetic fields from nearby Systems. 
This configuration makes magnetic bubble memory chips natu- 
rally harder to radiation effects than ordinary solid state 


memory components. 
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Figure 1.1 Memory Technology Comparison. 


Power consumption is another major concern of space 
system engineers. A magnetic bubble memory consumes power 
only when data is being transferred or when the system is 
being prepared for transfers. No power is required to main- 


tain data within a magnetic bubble memory system, unlike 
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systers using other sclid-state storage technologies such as 
charged couple devices or random access menories. This 
characteristic is especially attractive. for space systems 
which stcre recorded data for later transmission to a ground 
station [Ref. 8] or for systems which must be capable of 
retaining alterable instructions indefinitely for later 


implementation at a deep-space destination (Ref. 5]. 


TABLE 1 
Burrle Memory Comparison 


] ADVANTAGES DISADVANTACES 
Higher reliability Bubble memory Stored data not 
Non-mecnanical vs Floppy disk readily changed 
omaller size 
Faster access 
Simpler interface 
Media integrity 
Non-volatile Bubble memory Slower access 
More bits per device vs RAM Slower transfer rate 
Reduced board space 





Programmability Bubble memory Slower access 
More bits per device vs ROM or PROM — Slower transfer rate 
Less board space 


Magnetic bubble memory systems have inherently slow 
access times due to the physical arrangement of the data 
storage architecture. This limits their usefulness in high- 
speed data storage and retrieval, such aS required ina 
main-frame type computing system. However, magnetic bubble 


memory systems provide an excellent means for mass data 
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recording and storage. The modular characteristics of 
present magnetic bubble memory deSigns permit custom config- 
uraticn to meet virtually any recording need in terms of 
data input rates and memory capacities by varied comtina- 


tions of discrete mercry units. 
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Figure 1.2 Cost per Bit vs. Access Tine. 


Figure 1.1 illustrates the memory capacities associated 
with different types of memory uses and indicates the 
competitive memory systems within each type. The figure 
suggests that, due to the modularity of this type of systen, 
magnetic bubble memories could be configured for use in all 
these types of memory applications. 

Table 1 lists bulble memory advantages and disadvantages 
when compared with scre competitive memory systems. 

The following figures compare magnetic bubble memory 


technology with cther memory technologies using access time 
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Figure 1.3 Memory Capacity vs. Access Tine. 


as a common denominator. Figure 1.2 [Ref. 6] indicates 
magnetic bubble  memcry comparative cost and figure 1.3 
[Ref. 7] compares the expected performance of magnetic 
bubble memories with cther memory systens. MIO TAE O MPAA 
sons it is seen that magnetic kubble memories fill a ga, in 
terms of these  perfcrmance measures, when compared to all 
technologies in general use. However, not all these techncl- 
ogies are as suitable for space-based applications and none 
cffer as many benefits for such use as does magnetic bubble 


memory. 
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In 1979 Intel Corporation of Santa Clara, Ca. intrcduced 
a digital data storage and retrieval system based on 
magnetic bubble technology [ Ref. 8]. The system was carable 
of storing up to one-megabit of digital information in a 
single rubble memory chip with the aid of a family of corpo- 
nents performing support and interface functions. 
Improvements, mainly in production techniques, allowed an 
increase in storage capacity within the same storage area 
[Ref. 9] and resulted in the recent release of a new family 
of magnetic bubble memory components with a single bubrle 
memory chip capable of storing up to four-megabits of 
digital information. This is the maximum single-chip 
storage capability available in this technology today. 

The advantage cffered by the Intel magnetic bubble 
nemory chip family is the ease with which a magnetic bubble 
memory system can te implemented. The elements of the 
system can be combined to form modular components which may 
be configured in many ways to provide different capabilities 
in terms of data rate and storage capacity. 

Early designs required the user to be concerned with 
overseeing proper operation of the magnetic bubble system 
internal functions as well as control of data flow into and 
out of the memory [ Ref. 10]. Intel components feature a 
dedicated bubble memory controller to perform these internal 
functions independently and serve as a simple interface 
Letween the memory and the external system. 

This chapter introduces the Intel components which can 
be used to design a magnetic bubble memory systen. The 
first section describes the individual components which make 


up a magnetic bubble memory "module" capable of storing 
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four-megabits of digital information. The second section 
describes the  contrcller chip which coordinates memory 
access functions within a module. Configurations associ- 
ating multiple memory "modules" with a single bubble memory 
contrcller are discussed in the third section. A four- 
megabyte configuration, incorporating eight memory modules 
and one bubble memory controller on a single board, is 
described in the fourth section. This represents the tasic 
element used in the proposed design of a digital data 
recorder for space-tased applications presented in Chapter 
4. The last section describes the capability for parallel 
controller operations which enhances even further the 
possible performance of the magnetic bubble memory system. 
Appendix A presents an explanation of the basic opera- 
tion cf a magnetic Eubble memory. It is assumed that the 
reader is familiar with this information and only a func- 
tional description cf the role each component’ performs in 
magnetic bubble memory system operation is presented in this 
chapter. Appendix B contains a more detailed description of 
the available Intel magnetic bubble memory components. 
Readers should be particularly aware that this chapter 
and the following proposed designs incorporate the expected 
capabilities of the 7225 bubble memory controller and 7245 
formatter/sense amplifier chips not yet available as produc- 
tion ccmponents. This is explained more fully in the intro- 


duction to Appendix E. 


A. THE FOUR-MEGABIT MAGNETIC BUBBLE MEMORY MODULE 


Figure 2.1 depicts the Intel Corp. components used to 
construct a magnetic bubble memory system capable of storing 
four-megabits of digital information. 

The components listed below the 7225 BMC combine to form 


a memory "module" which represents the basic block of 
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Figure 2.1 Bubble Memory System Components. 


Storage capacity on which designs of systems with higher 
capacities and capabilities are based. The module contains 
a single tubble memory chip and support components which 
must accompany each memory chip for proper operation. 

Since the bubble memory controller may be associated 
with multiple memory modules, description of this component 


ls provided separately in the next section. 
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1. The 7114 Magnetic Bubble Memory Chip 


The 7114 magnetic bubble memory (MBM) chip contains 
the substrate in which magnetic bubbles are stored, the 
permalloy structures which determine bubble location, the 
permanent magnets which ensure bubble stability, and the 
perpendicular coils which control bubble movement. The 
entire assembly is erclosed in a case desicned to protect 
internal and external components from stray magnetic fields 


Meeigure 2.2 ). 
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Pigure 2.2 7118 Magnetic Bubble Memory Chip Assembly. 
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a. Data Organization 


The major-track/minor-loop data storage archi- 
tecture of the 7114 MEM consists of 512 storage "loops" with 
8192 discrete locaticns per loop providing a maximum user 
storage capability of 4,194,304 bits (four-megabits) of 
digital information. This architecture requires transfer of 
data in "pages" of 512 bits (64 bytes) of information each 
input/output operation, corresponding to one bit of informa- 
tion per storage loop. Each chip can store up to 8192 data 


pages. 
Lt. Bootloop and Error Correction Codes 


Twenty-eight additional loops are used to store 
twenty-eight bits of error correcting code appended to each 
data page input to the memory for storage. Error correcting 
capabilities are discussed in Chapter 3. 

Two more loops contain the bootloop information 
specific fcr each bukble memory chip. These loops contain a 
digital representaticn of the operating loops within the 
chip and a synchronization code which identifies the refer- 
ence page from which all other stored pages are located. 
This information 1S used by the support components to format 
the data correctly for input and output operations and to 
keep track of data flow and placement within the memory. 

Figure 2.3 depicts the signals associated with 
the 7114 MBM. These signals are provided by or to the 
support chips under guidance of the bubble memory contrcller 
to perform the functicns necessary for proper memory opera- 
tion as described in Appendix A, namely: establishment of a 
rotating magnetic field for bubble movement within the 
memory, signals to generate data bubbles from seed butbles 
for input, swap and replicate signals for bubble movement 


into and out of the storage loops, and detection of voltage 
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Figure 2.3 7114 Magnetic Bubble Memory Chip Signals. 


memory. 
The follcwing subsections describe the support 
components that perform most of these functions and which 


must accompany each memory chip for proper operation. 


Figure 2.4 depicts the 7250 coil  pre-driver (CPD) 
chip and the two sets of four matched 7264 coil drive tran- 
sistors (CDTs) used to produce current signals sent to the 
two perpendicular ccils surrounding the substrate material 
within the 7114 MBM. 

The 7250 CPD and 7264 CDTS produce triangular 
current waveforms which are applied in  quadrature to the 
perpendicular coils tased on timing signals from the bubble 


memory ccntroller. This establishes a rotating magnetic 
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Figure 2.4 7250 CPD and 7264 CDT Signals. 


field akout the substrate which induces movement of stored 


magnetic bubbles within the 7114 MBM chip. 


3. The 7234 Current Pulse Generator Chip 


Figure 2.5 shows the signals associated with the 
7234 current pulse generator (CPG) chip. Based on signals 
from both the bubble memory controller and the formatter/ 
sense amplifier chip, the 7234 CPG sends current pulse 
signals to the 7114 MBM which perform the generate, swap, 
and replicate functicns necessary during read and write 


operations with the memory. 
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Figure 2.5 7234 Current Pulse Generator Chip Signals. 


The 7234 receives both the 5-volt ani 12-volt power 
supplies required by the memory system and acts as a monitor 
for these supplies. If either source falls below specified 
thresholds (Appendix B), a power-fail signal is sent to the 
bubble memory contrcller to aid in deactivation of the 


system in an orderly sequence to preserve data integrity. 


4. The 7245 Formatter/Sense Amplifier Chip 


The 72451 formatter/sense amplifier (FSA) interacts 
with each of the memcry components and performs a number of 
functions concerned with data transfer within the systen. 
Figure 2.6 depicts the numerous signals associated with the 


FSA and the other components involved. 


a. External Signals 


The bubble memory controller communicates with a 
memory module  thrcugh the 7245 FSA via a single 
bi-directional serial data line (DIO). The level of the 
conmand/data (C/D) line specifies whether signals on the DIO 


are tc be interpreted as commands or data. Direction of 


1This section is tased on information about the existing 
7244 FSA chip and the expected capabilities of the 7245 chip 
as sete in advance information provided by Intel. See 
ppendix B. 
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Figure 2.6 7245 Formatter/Sense Amp Chip Signals. 


data flow on the DIO depends on the received command which 
dictates the memory operation to be performed. The 
controller also prcvides reset and timing signals and 
responds to error signals generated if a 7245 FSA built-in 
error correction scheme discovers a discrepancy during data 
extracticn from the memory chip. 

The bubble memory controller enables operation 
of a module and estaklishes communication with the FSA using 
the chip "select in" line. In multi-module configurations, 
this chip select signal is passed from module to module to 
establish a time-multiplexed communication between the 
rubble memory  contrcller and each module FSA individually. 
This process is discussed again later in this chapter and 
explained in detail ir Appendix B. 

Bubble generate signals are sent to the 7234 CPG 
in prcper sequence for data input to the memory. Millivolt 
signals from the bukkle detection circuits are sensed and 
amplified during a memory read and reconstructed  intc the 
original data stream for output. 

The 7245 also produces enable signals to the 
7234 CPG and 7250 CPD chips. These components and the 
current supply to the 7114 MEM detection circuits are only 
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| 


enabled when required by the memory access operation. This 
reduces power consumption during times the system is not 


actively transferring data. 
Lr. Internal Operations 


The 7245 FSA is prepared for up-coming opera- 
tions by the input cf a four-bit command code sent by the 
bubble memory controller over the serial data line, with the 
appropriate level on the command/data line. The commands 
include initialize, reset, and memory read and write cpera- 
tions as well as specifying the error-correction scheme and 
checking cf the FSA status register. 

Data are passed through a 540-bit first-in/ 
first-out (FIFO) buffer where 28 bits of error correcting 
code are appended or checked for each entire 512-bit page of 
data transferred. 

Another register holds the bootloop informaticn, 
extracted from the memory chip, used to correlate data with 


operating storage loops during input and output operations. 


5. The Four-Megatit Memory "Module" 


The components descriked above can be combined to 
form the Easic block cf memory storage capability which will 
be referred to as a memory "module". Each module is capable 
of transferring and storing up to four-megabits of digital 
information under guidance of a bubbie memory ccntrolier. 
The contrcller, which may be associated with multiple memory 


modules, is described in the next section. 


B. THE 7225 BUBBLE AEMORY CONTROLLER 


Use of a dedicated device to control the internal func- 
tions required within the magnetic bubble memory system is 


an improvement over early designs in which the user was 
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required to incorporate these functions into the overall 
operation of the system utilizing bubble memory. In tel 
components allow the designer to access the memory in much 
the same way as conventional memory systems, leaving actual 
operation of the butkle memory subsystems to the dedicated 
contrcller. 

This section presents the 72252 bubble memory controller 
(BMC) and briefly describes the signals produced tc control 
the functions of a bubble memory module, and the interface 
the ccntroller presents to the external system accessing the 


Lubble memory. These signals are depicted in Figure 2.7. 
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Figure 2.7 7225 Bubble Memory Controller Signals. 
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2This section is based on information about the existing 
7224 EMC chip and the expected capabilities of the 7225 chip 
ae PEEL RE in advance information provided by Intel. See 
ppendix B. 
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l. Bubble Memory Signals 


Descriptions of the signals that pass between the 
controller and support chips have been provided in the 
component  descripticns of the last section. Figure 2.7 
summarizes the memory component control signals associated 
directly with the bubble memory controller. Most impcrtant 
are the critical tiring signals provided to coordinate the 
bubble memory functions with respect to movement of the 
Magnetic bubbles with the rotating magnetic field. The 
contrcller aiso exchanges command, status, and data signals 
to the memory module via the 7245 FSA, and produces swap and 
replicate signals and receives power-fail indications 
directly with the 7234 CPG. 


2. External System Interface 


The interface to the external system consists of 
memory access function lines and an eight-bit data bus as 
shown in the figure. The function lines are compatible with 
other Intel controllers and their interconnections with 
other tyres of data storage systems. The user must send 
specific bubble memory commands over the interface tc the 
bubble remcry ccntrcller to prepare the system for data 
input or output before each accessing operation. Chapter 3 
discusses the interaction process required by an external 
system in accessing a magnetic bubble memory. 

When these ccmmands are received, the BC generates 
the required signals to the memory cell components to 
perform the operation with no further intervention by the 
external system required besides the necessity to provide or 
accept data at a known rate. 

The external system can either transfer data 
directly with the BMC using a polled status mode tc coordi- 


nate data flow, or incorporate a direct memory access (DMA) 
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system to manage handshake protocol with the BMC separately. 
The  polled mode is simpler to incorporate but requires 
constant attention by the external system to manage data 
flow. DMA relieves the external system of this requirement, 
Lut incorporates additional hardware and increases system 
conplexity. The methcd employed would depend on the partic- 
ular application (required data rate) and the specific 
external system involved. 

Ihe process cf determining the operational memory 
configuration best suited for a particular recording need is 
outlined in Chapter 4. A sample system is presented in 
Chapter 4 as well, Lut since there are many external system 
configurations which could provide the required interface to 
the magnetic bubble memory, no specific discussion of 
external systems or suggested data transfer  methcd is 


presented in this paper. 


3. Parallel Controller Capability 


e o E AA e co ouo aE ee eee 


The "wait" signal is used to coordinate the actions 
within a magnetic bubble memory system using two 7225 BMCs 
actively transferring data simultaneously in parallel. The 
advantage of this capability 1s discussed later in this 
Chapter. 


4. Internal Operations 


Internal operations of the bubble memory controller 
are described in detail in Appendix B. However, certain 
aspects of the internal configuration of the chip must be 
presented here in order to understand the system operation 
described in the next chapter. These aspects are also 
important to expansion of the system into a larger capacity 


configuration. 
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a. Power Failure, Abort, and Reset Logic 


In the case of a power failure detected by the 
7234 CPG or an externally-generated abort/reset signal, a 
routine is automatically initiated to de-activate the memory 
module in an orderly fashion to ensure data integrity within 


the magnetic bubble memory chip. 
rt. Internal Registers 


A number of registers are accessed by the 
external system to prepare the memory system for operations. 
The registers specify the operation to be conducted, the 
amount of data to Ee transferred, the memory module and 
location within to be accessed, and the method to be used in 
the transfer. A register is also used to report the status 
of the operation and the occurance of any errors or compli- 
cations. The registers are accessed via the eight-kit port 
using specific Signals sent by the external system over the 
memory access lines. Operation of the bubble memory system 
includes frequent interaction with the BMC registers and 
this impertant process is described more fully in the next 


chapter. 
ce FITO 


The 7225 BMC FIFO is a 128 x 8 bit first-in/ 
first-out RAM used as a data buffer between the bubble 
memory and the external system. The magnetic bubble memory 
chip transfers data only in 6ü-Lbyte blocks ("pages"), thus a 
full BMC FIFO may contain enough data at any one time for 
two ccmplete transfers to a Single memory module. Data are 
transferred between the BMC FIFO and the memory system at a 
fixed rate depending on the number of modules within the 
systen. The average data transfer rate to a Single memory 
module is 16 kbytes per second, two modules in parallel 
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require 32 kbytes per second, etc. The BMC FIFO relieves 
any small differences in data transfer from the external 
system to the memory as long as the difference does not 
eventually deplete or overflow the data buffer before the 


operaticn is complete. 


5. A Four-Megabit Magnetic Bubble Memorv System 
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Figure 2.8 is a block diagram of a complete magnetic 
bubble memory system capable of storing up to four-megabits 
of digital informaticn. The figure depicts the basic inter- 
connections between a single memory module and the bubble 
memory ccntroller which also serves as the interface to the 
external system accessing the bubble memory systen. T hough 
not labelled, the arrows between components represent the 
sane associated signals as described earlier in this 


Chapter. 


C. MULTIPLE MEMORY HODULE SYSTEMS 


Interfacing 








Figure 2.9 shcws how the basic system of Figure 2.8 
is expanded to incorforate multiple memory modules into a 
System ccntrolled by a single 7225 bubble memory contrcller. 
As can be seen, each module in the systen receives the same 
BMC signals as are sent to a single module with the addition 
of a signal sent between the FSAS themseives. This signal 
establishes the time-pultiplexing of the FSAs that allows 
the bubble memory controller to access multiple memory 
modules in a logical manner. This method of communication 
between the bubble memory controller and muitiple FSAs is 
descrited in detail in Appendix B. Basically, the tine- 
multiplexing scheme allows the BMC to establish communica- 
tions with any single memory module, or with several 


combinations of modules in parallel operation, without 
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Figure 2.8 Four-Megabit Magnetic Bubble Memory System. 


experiencing contention over the command and data lines 
common to all the modules. This communication scheme also 
accounts for the system performance characteristics associ- 
ated with the different multi-module configuraticns 
presented next. 


2. HMulti-Module Cperations 


A single  kubble memory controller physically 
connected to multiple memory modules is capable of accessing 
the ncdules in a number of ways, each of which preduce 


different performance of the system in terms of data 
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transfer rates. System capacity, of course, is determined 


merely by the number cf memory modules incorporated. 
a. Serial Operation 


Serial accessing of memory modules by the bubble 
memory controller involves use of only a single memory 
module at a time for a given operation. The BMC establishes 
communication with tke specific module FSA only, which in 
turn enables the other componentS within the module as 
required for data transfers. Other modules in the system 
are ina stand-by mode and ignore the BMC Signals sent out 
over the lines ccmmon to all the memory modules. 

Since only a single bubble memory chip is teing 
accessed, each transfer operation requires a minimum block 
of 512 data bits (64 bytes), corresponding to one data bit 
per storage loop within the 7114 MBM, for a single page data 
transfer with the system. Multiple-page transfers may be 
specified by the command received from the external system 
for a given operaticn and would involve exact multiples of 
this 512-bit data block. Average data transfer rate between 
the BMC and a single FSA is 16 kbytes per second. 

Table 2 lists the important operating paraneters 
for single module (serial) system operation. This is the 
performance of a single operating module even if it is part 
of a multiple-module system. The power requirements stated 
are based on a protctype kit provided by Intel and actual 
power requirements would probably be lower for a custcm- 
designed system. A Iodule on standby would be powered but 
not actually in the process of transferring data (active). 
Since magnetic bubble memory is non-volatile, data will be 


maintained within the system even if all power is removed. 
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TABLE 2 
Serial Memory System Operating Parameters 


Single transfer page siZe .....49-9»» 512 bits 
Average (sustained) data rate ......... 16 kbytes/sec 
Power requirements (typical) 

Active e e^ e e ee seg eo e e € so e a CO € veo e e e oe 6.5 W 


a e e o e 0 e 9 9 o 0€ € e. € € 0 €* € € € € e e 2.4 W 
Note: No power required for data storage only 


€. MEE 


b. Parallel Cperatiorn 


By addressing more than one of the  FSAs in the 
multiple memory module system, the bubble memory contrcller 
increases the amount of data that must be transferred each 
operation, and increases the rate at which the transfer 
occurs. 

Combinations of two, four, and eight modules can 
be accessed Simultaneously resulting in average data 
transfer rates which are multiples of the rate associated 
with a single operating module. 

Since data are being transferred to multiple 
magnetic bubble memory chips simultaneously, the minimum 
block cf data required for each transfer operation is also a 
multiple of the 512-bit (64-byte) page size required by a 
Single 7114 MBM. 

Power consumption changes with multiple mcdule 
configurations as well. The power consumed depends on the 
number of modules in the system, and on the number of 
modules actively engaged in data transfer or in the inactive 


stand-by mode. 
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Descripticn of specific multi-module perform- 
ances are withheld until the next section which describes 
the optimum physical combination of the bubble memory compo- 


nents described to this point. 


D. THE FIGHT-MODULE BAGNETIC BUBBLE MEMORY BOARD 


A single 7225 BMC is capable of providing signals to up 
to eight memory modules simultaneously. While smaller phys- 
ical combinations are possitle, the eight-modules per 
controller configuration offers the user more flexibility of 
operation than any other possible configuration. This 
configuration also represents the optimum combination of 
elements in terms of volume and weight which is a critical 
factor in space systems designs. For these reasons, discus- 
sions of digital data recorder designs presented in Chapter 
4 specifically involve an eight memory modules per single 
contrcller configuraticn. 

Physical connection to eight memory modules allows the 
contrcller to access the available memory systems in a 
number of ways to achieve a desired performance in terms of 
data transfer rate cr memory capacity. The operational 
configuration chosen is dictated mainly by the desired data 
transfer rate. Expansion of any such system to meet 
increased storage capacity requirements involves simple 
incorporation of additional controller/module combinations 
to the existing system. This procedure is demonstrated in 
Chapter 4. 

The following  subsections Summarize the performance 


parameters of an eight-module magnetic bubble memory system. 
1. Memory Capacity 


Eight four-megabit chips offer a user data storage 
capability of 4,194,304 bytes (eight-megabytes) or 
33,554,432 bits of digital infcrmation. 
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2. Data Rates 





Serial (individual) operation of the memory modules 
transfers data at an average sustained rate of 16 kbytes rer 
second. 

Parallel operation multiplies this rate by the 
number of active modules resulting in transfer rates of 32, 
64, or 128 kbytes/sec corresponding to the 2, 4, or 8 simul- 
taneously operating module ccnfigurations possible. The 
operating configuraticn chosen is determined by the maximum 
data input/output rates expected with system operation. 

The desired transfer rate is easily changed by the 
external system through the ccmmands and operation specifi- 
cations sent to the bubble memory controller via the 
external interface. This process is described in the next 


chapter. 
3. Iransfer Page Size 


£12 bits, corresponding to one bit for each storage 
loop, must be transferred into or out of each active memory 
module for a single transfer operation. Parallel module 
operation multiplies this page size by the number of modules 
involved in the transfer. 

Table 3 summarizes the data transfer rates and 
minimum data page size required for a single transfer opera- 
tion for each of the possible operating configuraticns of an 


eight-zodule memory system. 


Y. Power Consumption 





As was indicated in Table 2 , a single memory module 
actively engaged in data transfer consumes about 6.5 watts. 
Again, this is based on data available for an Intel- produced 
prototype kit and power requirements for a configuration as 


described herein would probably be somewhat lower. A single 
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ee <— 
TABLE 3 | 
Eight-Module Memory Board Performance 
Number of nodules 7 
operating in parallel 1 2 4 | 
RA 

Data rate (kbytes/sec) 16 | 32 64 128 | 

Page size reg. (bytes) 64 128 256 512 
— — J 
module on stand-by, (ie. powered but not involved in data 


transfer), consumes alout 2.5 watts. 
Based on the information above, Table 4 lists the 
expected power requirements of an eight-module memory board 


in its different operating configurations. 
5. Size/Neight 


Figure 2.1 at the beginning of the chapter depicted 
the size of the major components of the magnetic bubble 
memory systen. Figure 2.10 shows the estimated size of a 
Single memory module. The area shown in the figure isa 
good estimate of tke space required by an entire mocule 
system including circuit elements such as resistors and 
capacitors not illustrated. The layout in no way suggests 
that this is the recommended positioning of the elements 
within a module. (Ref. 11] outlines suggested board layouts 
for single and multiple-module configurations for the one- 
megabit magnetic bubble memory system which is similar to 


the four-megabit system in most respects. 
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TABLE 4 
Bight-Module Memory Board Power Requirements 


" 


Number cf modules Number of modules Power 
ac EVE S tane regui ngg 
0 € 19722 
1 7 232983 
2 6 27.4 V 
4 4 35.6 8 
a 0 52.0 W 


_ n= MA, SP ee eee E eS ce ey 


The 7264 coil drive transistors represent the 
"tallest" components in the system, extending approximately 
4/5 inches from the surface of the board. Based on this 
information, it is estimated that an entire eight-module 
memory board could measure approximately 8" x 318" as shown 
in Figure 2.11. Multiple-board systems would require about 
1-inch spacing. 

The "board circuits" indicated on the figure irclude 
a voltage regulator circuit to ensure voltage levels within 
specified limits (Appendix B), circuitry to assist in power- 
fail detection, Stcrage devices to maintain sufficient 
voltage levels after a power failure to implement the shut- 
down procedure, and cther memory board support circuitry as 
may be required such as line drivers to ensure adequate 
strength of the controller signals on the common lines to 
all the modules, etc.. 

The weight of the board assembly has been estimated 
from the availabie  EPK5V75A prototype kits (Appendix B) 
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Figure 2.10 Memory Module Approximate Area. 


which weigh 9.7 oz. each. Allowing for the weight of the 
extra components on the prototype kit not required on the 
memory board, the expected weight of an eight-module memory 
board would be approximately 43 oz. or less than three 


pounds. 


It is the configuraticn depicted in Figure 2.11, 
and the operating parameters presented above, on which the 
discussicn of a digital data recorder for space-based appli- 


cations presented in Chapter 4 is based, 
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MODULE MODULE MOMIAS 





Figure 2.11 Eight-Module Memory Board. 


E. PARALLEL CONTROLIEB OPERATION 


As was shown earlier in Figure 2.7 , the 7225 BMC has an 
output line labelled "wait" which can be used to coordinate 
the operations between two bubble memory controllers working 
in parallel. The twc BMCS may operate two separate memory 
systems Simultaneously to offer the user a 16-bit external 
interface capability. This would double the operating 
performances descrited for the system configurations 
described earlier. 

The "wait" signal between the bubble memory controllers 
is used to ensure simultaneous operation of. the systems 
during data transfers. In the case of a transfer delay due 
to a discovered data error (Chapter 3) or a power failure or 
reset signal within cne of the memory systems, the signal 
would ke passed from the delayed controller to the other 
system to inhibit further data transfer until the delay is 


corrected and Simultaneous operation can be re-established. 
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Parallel system operation could be the topic of another 
Lubble memory system study at the Naval Postgraduate School 


and will not be considered further in this paper. 
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III. MAGNETIC BUBBLE MEMORY SYSTEM OPERATION 

This chapter describes the basic interactions between an 
external system and the bubble memory controller required 
for ccmmunication and data transfer. The information 
presented is a summary of information provided in [Ref. 12] 
and specifically emphasizes the procedures pertinent toa 
multiple memory module system as described in the last 
chapter operating as a digital data recorder. Though 
[Bef. 12] is provided as a guide to users implementing the 
BPK5V75A four-megabit Intel prototype kit, familiarity with 
the information therein is imperative before attempting to 
formulate the operating routines to be implemented by any 
external system utilizing the Intel four-megabit magnetic 
bubble memory systems in any operating configuration. 

The routines formulated depend on the external systen 
and data transfer method implemented as well as on the 
number c£ modules in the system. While no particular system 
or method is specified in this paper, differences in opera- 
tion due to these factors is presented as they occur in the 
discussion. 

Basically, the external system accesses the memory by 
sending specific operating parameters aad command codes to 
the bubble memory controller which then produces the 
internal signals necessary to conduct the desired operation. 
If the operation involves data transfer, the system must 
provide or accept data at the rate and in the quantity that 
is specified by the operating parameters provided to the 
bubble memory controller by the external system pricr tc the 
operation. 

The first section presents the method the external 


system uses to initiate the available functions of the 
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rubble gremory syster. Combining these functions into a 
working operating routine is discussed in the follcwiny 


section. 


A. BBC - EXTERBAL SYSTEM COMMUNICATIONS 


The last chapter described the physical connection 
Letween the 7225 BMC and an external system as consisting of 
an 8-bit data bus ard a number of memory access function 
lines. Figure 2.7 is repeated here to emphasise the 
external system interface. The interface shown is the same 


whether the BMC controls a Single memory module or many. 
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Figure 3.1 7225 BMC - External System Interface. 
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The command/status port consists of the  8-bit data 
lines, the AO line, and the (separate) read (RD) and write 
(VR) lines as shown in table 5. Notice that the 8-bit data 


bus DU bit line also plays a role in BMC communications. 


TABLE 5 


Command/Status Port Functions 


Function D7 D6 DS D4 D3 D2 D1 DA RD/WR AQ 
Command a a C 1 C C C C WR 1 
RAC a a a Q R R R R WR 1 
Status S S S S S S S S RD 1 





Access to the port is selected when the A0 line is 
set to a logical "1". The three possible locations accessed 
are differentiated by the level of the D4 bit and the read 
(RD) or write (WR) lines. Functional description of these 
locaticns is presented next. 


2. Register Address Counter 


Since description of their purposes explains much 
about operation of the memory system, the register address 
counter and its associated registers are discussed first. 

With AO=1, CO=0, and WR=1,3 the external system 
gains access to either the BMC parametric registers or the 
BNC FIFO, depending cn the address on the D3-D0 bit lines of 


3The external O will usuall Lic or Ee an 
encoding or hardware logic to ensure that the Dand WR 
lines are never, set high simultaneously, as this would 


Lrovide conflicting signals to the bubble memory ccntrcller. 
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the data bus. Table 6 lists the registers and their associ- 


ated addresses. 


TABLE 6 | 
Register Address Counter Assignnents 

Register Name D7 D6 DS D4 D3 D2 DI DO  RD/MR 
Block Length 
Register (LSB) AQ 0 0 0 1 1 1 WR 

(MSB) 0 ð 0 0 1 1 2 Q WR 
Enable Register 2 e 0 e 1 1 e 1 RD/WR 
Address | 
Register (LSR) & a Y e 1 1 1 e RD/WR 

(MSB) Ø a Q 0 1 1 1 1 RD/WR 
7224 FIFO 2 0 a Q Q 2 2 Q QD/WR 





——— | 


Notice that the registers are addressed in hexa- 
decimal order from OBH to OFRE and that the FIFO has an 
address of ail zeros. This arrangement 1s designed to allow 
the user to use an auto-incrementing feature of the RAC. 
After a particular register is addressed, and the associated 
byte transferred, the RAC automatically increments to the 
address of the next register in sequence to simplify the 
process of loading the operating parameters into subsequent 
registers. This process continues until the RAC rolls over 


to zerc to address tte BMC FIFO where it remains until a new 


valid address is sent to the RAC. This feature automati- 
cally prepares the nemory system for data transfers after 
the parametric registers are loaded. Operations which do 


not require updating of subsequent registers nay be 
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performed as well, but require the external system to 
address the desired registers and FIFO separately as needed. 
After a specific register (or the FIFO) is addressed, 
lowering the AO line allows data transfer with the register 
(or the FIFO on a bit-by-bit rasis) depending on the level 
of the read (RD) or write (WR) lines. Note that the block 
length register may only be written into while the tytes 
associated with the  cther parametric registers may be read 


by the external system as well. 


3. Parametric Registers 


The parametric registers are used by the external 
system to specify the memory module(s) to be accessed, the 
amount of data to be transferred, the method of transfer to 
be used, and any error correcting scheme to be implemented. 
Normal system operation involves transfer of the operating 
parameters to the parametric registers (if required by the 
upcoming operation) fcllowed by issuance of the command code 
to be executed. Once a command is issued to the BMC, the 
parametric registers must not be modified until the opera- 
tion is ccmpleted or terminated as they are used as working 


registers by the BMC during command execution. 
a. Block Length Register 


The block length register is made up of a least 
significant byte (LSB) and most significant byte (MSB) as 
addressed through the RAC ( Table 6). The bubble memory 
contrcller interprets the data in these two bytes as shown 
in Figure 3.2. 

(1) Channel Field. Bits D7-D4 of the MSB are 
known as the channel field and specify the number of FSAs to 
ke accessed during the next operation. Each FSA has two 
channels associated with each half-system of the bubble 


memory chip it services (Appendix B). To preclude 
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Figure 3.2 Block Length Register. 


asynchronous operaticn of the channels within the memory 
chip, cnly one of the channel field bits may be set during a 
given operation. A channel field entry of 0001 would select 
only a single FSA (memory module) for the next operation. A 
0010 entry would specify parallel operation of two modules 
Simultaneously. The entries 0100 and 1000 would call for 4 
module and 8 module operations respectively. A channel 
field entry of 0000 will allcw half-system operaticn of a 
memory module, but this operation is included for diagnostic 
purposes only and is not a useful configuration in normal 
memory oferations. 

Thus, the entry in the channel field speci- 
fies the data transfer rate which will occur during the next 
data transfer operation, as well as the page size required 
for each single transfer. The Channel field entry is also 
used to specify the particular memory module (s) tc be 
addressed when combined with the MBM select field which is 
described shortly. 

(2) Terminal Count Field. The D2-D0 bits of 
the MSB and the eight LSB bits combine to form the terminal 
count field. The eleven bits of this field are loaded with 
the binary number of total pages to be transferred during 
the next operation. This field limits the number of pages 
that may be transferred during a single commanded operation 
to 2048 pages. 
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t. Address Register 


The address register also consists of a least 
significant byte (LSB) and most significant byte (MSB). The 
BMC interprets the data in these two registers as Shown in 


Figure 3.3. 








| AOORESS REGISTER MSB ADORESS REGISTER LSE | 
| Tarro Cerri | 
—— STARTING ADORESS WITHIN EACH MOM 
MOM SELECT 


Figure 3.3 Address Register. 


(1) Starting Address Field. The address 
register MSB D4-D0 bits and the eight bits of the LSE are 
interpreted as the logical page address within the memory 
module(s) at which the transfer operation will begin. The 
thirteen bits allow direct addressing of any of the modules' 
8, 192 storaye pages. As each page of data is transferred, 
the starting address field is incremented to autoratically 
select the next sequertial page. 

(2) MBM Select Field. Bits D7-D5 of the 
address register MSB are called the MBM select field. This 
field, along with the block length register channel field, 
specify the particular memory module or group of modules to 
ke accessed. Table 7 illustrates this process. 

For example, an MBM select field entry of 
000 with a channel field entry of 0001 would address FSA 
channels 0 and 1 which are associated with the first memory 
module in sequence. An MBM select field entry of 001 with a 
channel field entry of 0010 would specifically address the 
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TABLE 7 
Memory Module Addressing Scheme 


=, n a as e e ee a e a e X e a a As ndi dnd d 
(Im = du 


MEM Select Charmel Field 


(Address (Block Length Register MSB bits) 
Register 
MSB bits) AAAS VAAL 01a AIDA 12929 
aaa a a, i D ls. is noto 7 D to F 
ð 1 1 y s a.v dl F 
21a 2 4,5 8,9,A,B 
ð 1 1 3 e T Gap, Ey Fr 
10e 4 Seo 
101 5 A,B 
1 6 C. D 
JA LT E E | 





second and third mercry modules in sequence and call for 
parallel operation. 

A useful feature of the address register is 
that when the starting address field increments past 8,192 , 
the MEM select field is automatically incremented as well to 
select the next sequential memory module or group of 
nodules. 

The address register(s) may be read by the 
external systen. This allows the system to determine the 
stopping address within the memory for a recording oferation 
of unknown length, and to specify the next page address as 


the starting point for the next recording operation. 


c. Enable Register 


The enable register specifies the data transfer 
method to be implemented, enables interrupt options, and 
specifies the actions the system will perform in the occu- 
rance of a detected data error. Each of the enable register 


tits shown in Figure 3.4 and their associated functions are 


discussed briefly. 
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ENABLE REGISTER 


INTERRUPT ENABLE (NORMAL) 
IN TERRAUPT ENABLE (ERROR 
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ig c 


Figure 3.4 Enable Register. 


(1) Interrupts. The bits D7, D1, and DO 
enable the bubble  zemory system to produce an interrupt 
signal to the external system under certain conditions. The 
"normal" interrupt and the "parity" interrupt wili not be 
incorporated in future Intel modifications of the systems. 
The external system should ensure that these bits are set to 
"0" each time the enable register is loaded. 

The "error" interrupt enable bit (D1) is 
used in coordination with the read corrected data (RCD) and 
internally corrected data (ICD) bits (D5 and D6) to specify 
the level of error correction the system will implement and 
the actions the system will perform when an error is 
detected by the system FSA(S). The write bootloop enable 
bit is used to enable an external system to input data into 
the memory systems' bcotloops. This action will not normally 
be taken by the user so the external system should also 
ensure that this bit is not set when loading the enable 
register. The D3 bit was associated with a function avail- 
able with the one-megabit system and is reserved in the 
four-mejabit systems. It also should be set to 0 at all 
times. Finally, the LIMA enable bit (D2) when set allows the 
EAC to use its DRQ and DACK lines to establish a DMA hand- 


shaking protocol during data transfers with the external 
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system. When not set, the system operates in the polled data 


transíer mode. 


4. IFO 


The. BMC FIFC isa first-in/first-out data buffer 
used to reconcile timing differences in data transfers 
between the external system and the bubble memory. The FIFO 
is dual-ported, allcwing simultaneous input and output of 
data in a first-in/first-out method. Data transfer between 
the FIFO and the external system differs slightly with the 
data transfer mode selected, In the DMA mode the BMC uses 
the DEQ and DACK lines to establish a byte-by-byte transfer 
protocol with the external system. In the polled mode, the 
external system examines the FIFO READY bit of the BMC 
status register (described shortly) or the DRO line signal 
level to determine when to transfer data to the FIFO. In 
either transfer mode, the external system must be capable of 
providing or accepting data at a sufficient rate to not 
allow the FIFO to deplete or overflow before the entire 
transfer operation is complete. 

The FIFO in the 7224 BMC is 40 bytes long. Intel 
proposes to increase this space to 128 bytes (two full 
memory module pages) in its design of the 7225 bubble memory 
controller. This should increase the ability of the system 
to reconcile timing differences with the external. system 
during data transfers. 


The inherent data integrity of magnetic bubble 
memory systems is extremely high due to the physical 
architecture of the memory cell, and incorporation of error 
correcticn improves this integrity by several orders of 


magnitude. As mentioned in Chapter 2, the bubble memory 
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systens' formatter/sense amplifier appends 28 bits* cf error 
correcting code to each page of data input to its respective 
bubble memory for storage. The code is checked after the 
entire page is reccvered from the memory before output to 
the bubble memory controller. If an error is detected, the 
FSA status register (Appendix B) 1s updated to reflect the 
type cf error and subsequent memory system action depends on 
the level of error correction specified in the BMC enable 
register. 

If a correctable error is detected, the FSA is 
capable of correcting single error bursts of five bits or 
less using the 14-bit appended error correction code and a 
tullt-in error correction algorithm. 

The most common type of error occuring in magretic 
bubble memories are "soft" read errors caused by noise in 
the bubble detection circuitry. Read errors do not affect 
the integrity of the data as stored in the memory chip and 
the error can usually be corrected by simply re-reading the 
affected page. 

Table 8 lists the three available levels cf error 
correction which may be implemented and the associated EMC 
enable register bit levels which specify the actions the 
system will take upon error detection. 

in level 1 error correction, the RCD (read corrected 
data) kat is set in the enable register. When the FSA 
detects a correctable error with this level active, the RMC 
automatically issues a read corrected data command tc the 
FSA which cycles tke data through its ECC network and 
immediately transfers the data to the BMC. If the FSA 


status register still reports an error, the data transferred 


O—-— ee SES ee Ea e “© > 5 cer A —» aO 


414 tits of error correcting code is appended onto each 
EOM St: ud e of data input to both FSA Channels associ- 
ated with eac 114 MBM. See Appendix B. 
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TABLE 8 

Error Correction Levels 
= | Erable Register Bit 
Errar A TI 
Carrection | B1It 6 Bit 5 Bit 1 
Level | TED RCD Interrupt Enable 

| (Errar) | 
Level 1 a 1 e 
Level 2 1 e e 
Level 3 1 a 1 

— J 





are still erroneous and the BMC must interrupt the external 
system for further instructions. 

When an error is detected with level 2 correction 
specified, the BMC first allows the FSA to cycle the erro- 
neous data through its ECC network using the internally 
corrected data command to the FSA, and then checks the FSA 
status register to determine the outcome of the process 
before requesting data transfer using the RCD command. This 
halts the transfer cperation at the erroneous page and 
allows the external system to mark the erroneous page and 
attempt re-reads and re-corrections through specific bubble 
memory ccntroller commands. 

When level 3 error correction is specified, the 
external system receives an interrupt Signal with each occu- 
rance of a detected error. With levels 1 and 2, corrected 
errors are tranSparent to the external system. Level 3 
allows the external system to log all occurances of error 
detection and gives the system added ability to cope with 
multiple errors which may occur with multiple memory module 
system operations. It also requires additional routines to 
meet the additional responsibilities. 


DIO 


6. EMC Status Register 


When AO=1 and ED=1 the external system receives an 
&bit status word frem the BNC asesiome In Tiguresw eo. The 
Status register provides information on the completion or 
termination of an operation, error occurance, and ability of 
the FIFO to accept or provide data. The external system 
uses the information fron the status register to continue 
with norral operation of the memory system, or to implement 


routines to nandle the occurance of errors. 


al 
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Figure 3.5 7224 Status Register. 


When the BUSY bit is set, indicating an operation in 
progress, all other status register kits except the FIFO 
READY bit should be considered invalid. Only after the BUSY 
bit returns to 0 should the external system examine the 
status word to determine the outcome of the operation. Note 
also that while the BUSY bit is set, the BMC will not accept 
any new command except an ABORT command until the operation 
is conplete or terminated. 

When the BUSY bit returrs to a low loyic level, the 
external system examines the BMC status register to 
determine the outcome of the operation. If the OP COMPLETE 
Lit is set, this indicates that the operation vas completely 
and successfully executed. If the OP FAIL bit is set, the 


56 


operation was not successfully completed and the external 
System will have to examine the other bits in the status 
register to determine the cause of the failure and the 


necessary actions to continue operation of the system. 


7. Commands 


When AO=1, WR=1, and D4=1, the D5 and D3-DO bits of 
the data bus are decoded as a BMC command. Table 9 lists the 
available memory function commands and their associated 
command codes. Those commands marked with an asterisk are 
the most frequently used in normal memory operations. The 
others are either used less frequently or are for diagnostic 
purposes only. Since these commands are rarely used in 


normal operation of the bubble memory system, they are not 


considered here. [Bef. 12] gives a complete description of 
all the commands and their effect on memory system 
cperation. 

a. Abort 


The ABORTI command is the only command recognized 
by the BMC while it is in the process of executing a memory 
operation. For this reason, it is used whenever the system 
is in an unknown state, such as following power-up. If in 
the process of transferring data, the ABORT command termi- 
nates the operation and stops the MBMs in an orderly manner 
to ensure data integrity within the chip. 

The ABORI command does not recuire any specific 
information to be loaded in the parametric registers before 
initiaticn. 


b. Initialize 


The INITIALIZE ccmmand prepares the memory 
system for operation when the system 1S in an unknown state. 


This command clears the address field of the address 
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TABLE 9 
BMC Comgmand Set 
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1 Initialize 

e Read Bubble Data 

1 Write Bubble Data 

a Read Seek 

1 Read Bcotloso Recister 

e Write boctlooo Register 

1 Write Bootloop 

a Read FSA Status 

1 Abort 

a Write Seek 

1 Read Bootloop 

a Read Corrected Data 

1 Reset FIFO 

a MEM Purge 

1 Saftware Reset 

Q Write Boctloop Register Masked 
1 lero Access Read Seek 

0 Zero Access Read Bubble Data 


register leaving the cther parametric registers intact. The 
BMC TIFO and input/output latches are also cleared. The 
tootloor code of the memory module addressed by the MBM 
select (with the channel field specifyirc single module 
accessing only) is read into the BHC FIFO and then trans- 
ferred to the FSA bcctloop register. When the bootloop code 
is extracted the MEM is left positioned at logical page 
zero, Ina multinjJe memorv rodule svsterm, the channel field 
must ke loaded with 6001 to arrange accessing of the nodules 
serially (separately), and the MEM select field must address 


the each module in turn to ensure initialization. 
C. Read Bubrle Data 


This command initiates data transfer from the 
-IBM (s) to the BMC FIFO. Ihe parametric registers must be 
pre-lcaded with the operating parameters before the command 


is issued. 
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d. Write Bukkle Data 


This command initiates the transfer of data from 
the BMC FIFO to the MBM(s) in the manner specified by the 
values pre-loaded inthe BMC parametric registers. Note 
that data should not ke loaded into the 3MC FIFO until after 


the command is issued. 


B. NORMAL OPERATING EROCEDURES 


Ihis section presents the methods of incorporating the 
commands described in the previous section in proper 
sequence for normal operation of the bubble memory system. 
Ine flow diagrams presented are derived from an earlier 
versicn of [Ref. 12}. The presently availabie systems 
Ere artferent o erating procedures due to the hardvare 
modifications incorrorated by Intel to alleviate a problen 
which was limiting production yield (Appendix B). The 
methods presented here, derived from the earlier reference, 
more closely resemble the expected operating procedures 
which will be incorporated with systems based on the 7225 
BMC and 7245 FSA. 

The major operations illustrated are power-up, initiali- 
zation, command execution, data transfer, and power-down. 
In each case, an algorithmic flow diayram of the operation 
is presented and remarks in amplification of the required 


commands already described is given. 


1. Power-Up and Command Execution 


Figure 3.6 describes the procedure used upon initial 
powering of the system. After applying power to the system, 
a 50-millisecond delay ensures that the system voltages have 
reached acceptable levels before commencing operations. The 
first command after applying power to a systema is always the 
ABORT command. Notice that the BMC status register is 
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Figure 3.6 Memory System Power-Up Sequence. 


examined first to determine that the command has been 
accepted (BUSY bit set), and then polled to determine 
completicn of the operation. An external timeout counter is 
used to ensure operation within a reasonable period. 

This process of issuing commands and examining the 
status register is the basic method used by the external 
system for execution of all the bubble memory functions. 

Figure 3.7 shcws the procedure used to perfora the 
initiation of the menory system. Figure 3.8 illustrates the 


basic commands and logic used in general command executicn. 
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The process used to transfer data with the bubble memcry is 
shown in Figure 3.9 Besides illustrating the normal oper- 
ating procedures of memory system operation, the flow 
diagrams also reveal the areas in which an error handling 


routine may have to be implenented. 
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Figure 3.7 Memory System Initialization. 
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Figure 3.8 Memory System Command Execution. 
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Figure 3.9 Data Transfer Procedure. 


2. Power Down 


Since the 7234 CPG incorporates power-fail 
circuitry, the shut-down procedure is the same whether the 
system is powered down intentionally or not. The power-fail 
circuitry includes storage elements to ensure adequate power 
to the system for the BMC to execute its shut-down rcutine 
and ensure data integrity. 
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IV. A MAGNETIC BUBBLE MEMORY DIGITAL RECORDER 

This chapter describes the design process of a digital 
data recorder based on the eight-module memory "board" 
described in Chapter 2. 

The first section describes the simple logic that can be 
used to determine the required system physical and operating 
configuration. The second section uses this design logic to 
propose a system configuration which could meet the data 
recording requirements of a space systems project currently 


in progress. 


A. | SYSTEM DESIGN LOGIC 


1. Memory Capacity 


The first factor to be considered is the amount of 
storage required for the particular application, which 
dictates the number of memory boards required by the system. 
Ihe requirements should be computed in terms of numbers of 
pages to be input to the system for storage. Each single 
transfer operation requires 64 bytes of data for each cper- 
ating memory module in the system. Incomplete pages of data 
may not be input to the memory. For example, storage of 
20-megabits of digital information would require at least 
five four-megabit memory modules if the data could be 
configured to fill each of the modules completely during 


input. 


2. Data Rate 


The second configuration factor is establishing the 
data input/output rate to the bubble memory system. After 
the maximum transfer rate is defined, the operating 
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configuration of the memory board is chosen to accommodate 
this rate. Differences between the transfer rates are Luff- 
ered by the BMC FIFO but the external system must also 
ensure that the differences do not overflow or deplete the 
BMC FIFO during any specified transfer operation. The 
external system may incorporate a data buffer to ensure 
presence of sufficient data to accommodate the data transfer 
rate desired for a specified recording interval before 
initiating the transfer operation. 

As an example, a single microphone connected to an 
8-bit analog to digital converter being sampled 2000 times a 
second produces data at a rate of 16-kbits per second. The 
external system could elect to transfer this data, as it is 
collected, to a system operating its modules one at a time 
in the serial mode. Another option is to first collect the 
data into a buffer, in page format suitable for transfer, 
before initiating the transfer command to conduct the 
transfer ata faster rate using multiple memory modules 
operated in parallel. Multiple buffers may be imcorporated 
to ensure no loss of data as it is sampled. This buffering 
method is very useful when the data production occurs ata 
rate nct compatible with memory system operation. After the 
reguired data rate is established, the capabilities of the 
external system to support this operation with the bubble 
memory recorder would determine the method of transfer to be 
implemented. 

AS an illustrative example of the configuration 
logic presented above, a proposed design of a digital data 
recorder based on a project currently in progress is 


presented in the next section. 
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B.  N.P.S. PROTOTYPE DIGITAL RECORDER 
T: ackground 


With the inception of two new curricula in Space 
Systems Engineering and Space Systems Operations at the U.S. 
Naval Postgraduate School, scme of the officers involved 
pursued an idea of conducting an experiment as a space 
systems engineering/cperations project. The National 
Aeronautics and Space Administration (NASA) offers space 


aboard the Space Transportation System (Space Shuttle) for 


experiments placed into a small, self-contained "Get-Avay 
Special" canister (GAS can) which is carried into space 
within the shuttle cargo bay. Permission and funds were 


received to initiate an experiment to be carried inside one 


of these canisters. 


The experiment is designed to record the antient 
acoustic levels within the shuttle cargo bay during launch. 
These data will be used to determine the acoustic modes, 
spectra, and levels within the bay as information to space- 
craft designers tc avoid potentially destructive acoustic 
coupling of structures or components carried into space 
aboard tke shuttle. 

Three microphones are used to record the acoustic 
information and three accelerometers furnish vibrational 
data. Each sensor is connected to an 8-bit analcg-to- 
digital (A/D) converter to provide the recorder with digital 
information for storage. 

The first stage of the experiment is accomplished by 
enitting a known signal into the loaded bay before launch 
and recording the responses. An acoustic signal is swept 
from approximately zero to 1000 Hz in one Hz increments 


which takes approximately 16.5 minutes. The second stage of 
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the experiment records the ambient acoustic and vibrational 
levels during engine and rocket ignitions and lift-off. 
Only three minutes of operation are required to record the 


signals considered significant during this event. 


3. Recorder Requirements 


The sample rate for all sensors is fixed at 2.5 KHz. 
During the first portion of the experiment, only the three 
microphones are recorded producing approximately 7-megabytes 
of digital data for storage in the 16.5 minutes of the 
Sound-sweep. During the second stage all six channels are 
recorded during ignition and lift-off, producing approxi- 
mately 3-megabytes of information. Total memory capacity 
required therefore is around 10-megabytes. 

Two different data input rates must be accommodated. 
Maximum data input rate occurs during the second porticn cf 
the experinent where operation of all six channels generates 
15,000 bytes (15 kbytes) per second of information for 
storage. Three channel operation produces half this data 


rate. 


4. BPK 5Y75A 


Prototype Kit Design 


Intel Corp. produces a four-megabit magnetic bubble 
memory prototype kit labelled BPK 5V75A which is a fully 
constructed magnetic rubble memory system on a single card. 
This kit is described in Appendix B and is basically 
comprised of a 7224 bubble memory controller and a modified 
single four-megabit magnetic bubble memory module. The kit 
was chosen for use due to ease of implementation and avail- 
ability, and its applicability as a space systems experiment 
on its own merit. 

A series of 24 BPK kits are installed in a box meas- 
uring approximately 14"x14"x15" consuming 2940 cubic inches 


or 1.7 cubic feet of volume. Weight is estimated at about 
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50 pounds and power requirements are expected to be around 
20 watts. 

Maximum data rate during lift-off is 15 kbytes per 
second as described earlier. DMA techniques have been 
incorporated for data input to the system, reguiring addi- 
tional ccmponents and hardware to the 24 BPK kits and the 
overall recorder controller which coordinates data flcw to 
each of the prototype kits. Data is transferred to the 
memory chips serially from buffers which collect many ages 
of data before each transfer is conducted. 

A complete description of the design, construction, 
and capabilities of this system is the subject of another 


thesis currently in fcrmulation. 


5. Multi-Module Custom Design 


This subsection briefly describes the improvements 
which cculd be realized if the same system as described 
above was designed using the memory components configured on 
an eight-module memory board as described in Chapter 2. 
Only the capabilities and advantages of the memory board 
compared to the prototype kit design is examined. No 
Specific external system or data transfer rate will be spec- 
ified, although approximated system size, weight, and power 
consumption will be increased to reflect the reguirements of 
these components within the systen. 

The initial sound sweep of the shuttle cargo tay 
produces data from the three microphones for. a period of 
approximately 16.5 minutes. Each channel is sampled ata 
rate of 2500 times a second, producing 7500 bytes of infor- 
mation each second for input. In terms of pages, the data 
rate is 117.1875 pages per second. In integral numbers, 
1875 whole pages of data are produced every 16 seconds. 16.5 
minutes of recording would produce 116,015 whole pages of 


digital information (disregarding a fractional page 
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recorded). This amount of data would require 14 conplete 
memory modules and 1,:27 pages of an additional module. 

Iwo complete memory boards of 16 total memory 
modules exceeds the data requirement for this portion of the 
experiment and represents a logical and manageable appor- 
tionment of the memory system components. 

During the second stage of the experiment, all six 
Channels produce data, increasing the data rate to 15 krytes 
per second, correspcnding to 234.375 pages per second, or 
1875 pages every 8 seconds. At this rate, a complete memory 
board records over 4.5 minutes of data which exceeds the 
specified requirenente. 

The proposed recorder design then, consists of three 
memory boards with an additional support circuit board 
included to incorporate the reguired external systems such 
aS DMA hardware, data buffers, power regulators, etc. 

Based on the characteristics described in Chapter 2, 
such a system would measure approximately 18"x8"x5" corre- 
sponding to 720 cubic inches, or less than one half cubic 
foot volume. Weight is estimated at about 12 pounds. This 
represents a significant improvement in these properties 
over the prototype kit design. serial operation of the 
modules on the boards could easily accommodate the data 
transfer rates, thcugh parallel operation in association 
with intermediate buffers 1s a possible operating option. 
Power consumption is similar to the prototype design of 20 
watts. 

It should be noted that in both designs, and in 
magnetic Eubble memory system design in general, incorpora- 
tion of a power Switching circuit to supply power only to 
the memory modules actually engaged in data transfer will 
result in a significant reduction in power use [Ref. 13]. 
This takes advantage of the non-volatile property of 


magnetic bubble memory. 
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Construction of the proposed digital data reccrder 
must wait for release by Intel of the updated version of the 
four-megabit magnetic bubble memory system including the 
7225 bubble memory ccntroller and the 7245 formatter/sense 
amplifier chips. These components will represent the optinun 
in size, weight, data density, and power consumption in 
magnetic bubble memory technology. Since these properties 
are of special concern to the space systems designer, future 
designs of digital data recording systems for space-kased 
applications should consider the merits of the use of 


magnetic bubble memory. 
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APPENDIX A 
MAGNETIC BUBBLE MEMORY TECHNOLOGY 


A magnetic bubble memory is comprised ofa substrate 
material in which magnetic bubbles are stored, and the 
structures and components that permit location and movement 
of the bubbles within the substrate and input and output of 
data with the memory. This appendix explains the basics of 
a magnetic bubble memory system and the support mechanisms 


required for proper operation. 


A. MAGNETIC BUBBLE MEMORY CELL DESCRIPTION 


The tern "magnetic bubble memory cell" is used to 
describe the ccmponent within which magnetic bubbles are 
stored. This includes structures to locate and move the 
bubbles as well as the medium in which they are contained. 
Since this is the only area in which magnetic bubbles exist, 
the means for creaticn and destruction of magnetic butbles 


is also described. 


1. Substrate 


Ihe material in which the magnetic bubbles are 
stored is called the magnetic substrate and is usually a 
thin film of a synthetic garnet material with uniaxial 
ferromagnetic properties. Figure A.1 shows a section of 
substrate material with its inherent regions of opposite 
Magnetization and shows the effect on these regions of an 
applied external magnetic field. Application of the field 
perpendicular to the garnet material axis of magnetization 
causes the areas of magnetization opposite to that of the 
applied field, known as the bias field, to compress. 
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Increasing the bias field eventually forces these regions to 
form stable, compact cylindrical shapes within the medium. 
These cylindrically Shaped domains are the magnetic 
"bubbles" which will be used to represent stored digital 


data within the substrate. 
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Figure A. 1 Magnetic Substrate and Effects of 
an Applied Ferpendicular Magnetic Field. 


2. Fermanent Magnet 


The size of the bubble domains is determined by the 
strength of the bias field. Strengths of 100 - 200 Oersteds 
produce useable bubble sizes and can be: easily provided by 
permanent magnets superimposed around the substrate 
material. Barium or strontium ferrite magnets of 120 - 180 
Oe are commonly used and result in bubble sizes of around 3 
microns diameter. Once formed, the magnetic bubble domains 
remain preserved within the substrate as long as the bias 
field is maintained. Since no external power is required by 
the permanent magnets, memories storing digital data as 
discrete magnetic bukble domains within a substrate material 


represent non-volatile storage systems. 


1? 


S Tocatrón aud Movement ‘of Data Bubbles 


io be useful, the magnetic bubbles which represent 


the stored digital data must be locateable and accessible. 
a. Permalloy Structures 


Each location within the substrate used to store 
a magnetic bubble 1S marked by a tiny permalloy (nickel-iron 
alloy) structure on the surface of the material. The wide- 
gap structures depicted in figure A.2 have been found 
optimum in terms of location and movement of the bubtle 
domains within the substrate as well as in manufacturing 
considerations [ Ref. 14]. As described in the figure, the 
shape and spacing of these structures is directly prcpor- 
tional tc the magnetic bubble diameter established by the 
tias field. This defines the required minimun feature capa- 


bility of the manufacturing process. 
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Figure A.2 Wide-Gap PerBalloy Structure Designs. 
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Figure A.3 Magnified View of Chevrons on Substrate. 


Figure A.2 shows a magnified picture of a group 
of chevron structures superimposed onto a substrate 
material. Limiting factors to bubble capacity within a given 
area of substrate material are maximum intensity of bias 
field possible before bubble implosion (forced reversal of 
the magnetic field of the bubble domain), and the ability to 
create and superimpose the required storage structures onto 
the substrate. The first limitation is a property of the 
substrate material used, while the second limitation is due 
to the available manufacturing processes. Conventional UV 


photolithcgraphy miniuum features are about 1 micron. X-ray 
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lithography and ion-implantation techniques promise to 
reduce this even further allcwing additional increases in 
capacity for the same area of substrate [Ref. 15]. 

When in the presence of an in-plane magnetic 
field, the permalloy material produces a magnetic compcnent 
perpendicular to itself. This component adds to or 
subtracts from the tias field set up by the permanent 
magnets and produces "field wells" to which the magnetic 
bubble dcmains are drawn by the local magnetic gradient. A 
continuous in-plane magnetic component 1S provided by 
tilting the substrate material slightly to the plane of the 
permanent magnets as shown in figure A.4 . This establishes 
the storage location "field wells" occupied by the butbles 


when the memory is inactive. 
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Figure A.4 Orientation of the Substrate and Magnets. 
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b. Rotating Magnetic Field 


For movement and accessability of the magnetic 
bubbles, a rotating magnetic field is set up about the 
Magnetic substrate by two perpendicular coils driven ata 
known frequency. See figure A.U and figure A.13 at the end 
of this section for coil configuration within the memory 
cerik Sinusoidal currents oriented in quadrature through 
the coils froduce a smoothly rotating magnetic field. The 
accepted method, however, is application of current pulses 
througk Schottky diodes which produce triangular waveforms 
as shown in figure A.5. Application of current pulses is 
easier to control digitally than application of sinusoidal 
Signals and the resulting waveforms produce an acceptablly 
smooth rotating field vector. The timing of the pulses 
establishes the rate of rotation of the field which deter- 
mines the rate of movement of the magnetic bubbles within 
the substrate. 

The rotating magnetic field is oriented in-plane 
to the substrate and produces a perpendicular magnetic 
component from the permalloy structure as described earlier. 
The rotation of the applied field combined with the share of 
the permalloy structure causes the "field weil" beneath the 
Chevron to move in a known manner. The change in magnetic 
gradient pulls a stored magnetic bubble along resulting in 
controlled movement of bubbles within the material. Figure 
A.6 is used to explain bubble movement between structures 
due tc an applied rotating magnetic field. 

The first chevron in each row represents the 
Same chevron viewed at five different times while the field 
is rotated about it. Each row shows three successive chev- 
rons in what could bea line of associated data locations 
within the substrate. The arrows to the right of each row 
depict tke rotating field vector set up at these discrete 
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Figure A.5 Rotating Magnetic Field Circuit and Waveforms. 


tines by the perpendicular coils.  Denoting the first rcw as 
having an applied vector of zero degrees, it can ke seen 
that a tubble exists in position 1 beneath the first two 
chevrons and no data is stored in the third location. A 
shift cf the rotating magnetic field vector by 90 degrees, 


depicted in the second row, moves the "field well" beneath 
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Figure A.6 Movement of Bubbles Beneath a Permalloy Structure 


Due to a Rotating Magnetic Field. 


each permalloy chevicn to position 2 pulling the stored 
magnetic bubbles along. Positions 3 and 4 show the bubble 
positions during subsequent 90 degree shifts of the applied 
field vector. Finally position 5 shows that after one 
complete rotation of the applied field the "field well" 
returns to its original position on the chevron. Butbles 
that were at the end cf one chevron are drawn across the gap 
to the "field well" of the next permalloy structure. 
Bubbles are simply shifted linearly by one location each 
complete cycle of the rotating maynetic field. 
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O. Cata Storage Crganization 


Since movement of the magnetic bubbles withir the 
substate is essentially serial between adjacent locations, 
digital data could be stored ty placing the data into one 
long lcof of chevrons a single bit at a time as depicted in 
Hegure"A.7. This configuration has two major drawbacks. 
First, a defect in a single chevron wouid break the conti- 
nuity of the storage loop and the entire chip would be 
useless. Secondly, retrieval of particular data would be 
potentially slow since the desired data may need to be 
rotated completely around the storage loop before arriving 


at the output locaticn. 
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Figure A.7 Single Loop Bubble Storage Architecture. 


Figure A.8 shows the most accepted method of stcring 


magnetic bubble data known as the major-track/minor-lcop 


VS 


configuration. The major tracks are used for input and 
output while the mincr loops are used for data storage. The 
method of introducing bubbles for storage and retrieving 


bubbles as output data is discussed shortiy. 
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Figure A.8 Major/Minor Loop Bubble Storage Architecture. 
Fach minor (storage) loop consists of many permalloy 
chevrons configured in a single continuous path with the 
input and output locations at opposite end of the loop as 
shown. Bubbles are passed from the input track to a minor 
loop and moved from storage location (chevron) to adjacent 
storage location with each complete circuit of the rotating 
magnetic field. Stored digital data continuously revolves 
around the loop while the memory is active, or resides 


motionless beneath a storage location chevron when the 
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rotating magnetic field is inactive. The major/minor loop 
configuration makes each data tubble available at most after 
one rotation of data through one of the smaller minor loops 
plus the time to move the bubble along the output track. 
For a fixed number of minor loops with a known number of 
storage locations per loop, the access time of the system 
can ke determined from the frequency of the rotating 
Magnetic field. 

Manufacture of the memory chip can include fabrica- 
tion of a number of redundant storage loops onto the subs- 
trate. This increases the yield of useable devices 
containing a specified number of operable storage  lcops. 
During testing, defective locps can be identified and a 
"bootloop" code, representing the operational loops for that 
specific chip, can be used during input and output processes 


to ignore faulty or untested loops. 
5. Data Bubble Froduction 


Fresence of a bubble within a magnetic bubble memory 
is used to represent a "one" in digital data information. 
Digital "zeros" are represented by the absence of a ‘bubble 
in a particular memcry location. Data delivered to the 
memory in digital form must be changed into a series of 
Magnetic bubbles suitable for storage. Since magnetic 
bubbles can only exist within the substrate material, this 
transformation must physically occur within the memory cell. 

One method of bubble production is called nuclea- 
tion. A current pulse is transmitted into a hairpin shared 
conductor beneath a permalloy structure which momentarily 
creates a region of reversed magnetic potential to that of 
the bias field. The resulting bubble is sustained by the 
bias field and is available for propagation after the bubrLle 
is stabilized. This process limits the rate of data input 
due to the current pulse lengths required and time required 


for the created domain to stabilize. 
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The accepted method for bubble production within a 
Lubble memory cell is through use of a "seed" bubble as 
shown in figure A.9. A permanently contained magnetic 
bubble revolves with the rotating magnetic field within a 
structure as shown. As the bubble passes over the conductor 
strip it is elongated and cut by a short current pulse into 
two bubbles, one which continues to rotate within the seed 
bubble structure and one which is available for propagation. 
For the cccurance of a "zero" bit, the bubble 1s”Sinply Tok 


Spalt... 
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Figure A.9 Bubble Generation for Input. 
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6. Data Input 


As described earlier, the major tracks in the major- 
track/minor-loop storage architecture represent the paths 
that magnetic bubbles follow when reading information in to 
or out of the substrate. Figures A.8 and A.9 show the 
tubble generator positioned at the beginning of the input 
track. During an input operation the seed bubble is either 
split or not split to produce a digital "one" or "zero" for 
storage. Bubbles created are immediately streamed onto the 
input track and propagate one location away from the gener- 
ator each external field rotation making room for the next 
data bit. As this implies, digital data delivered to the 
memory must be configured serially for input. Additionally, 
the data must be arranged in "pages" of streams of butbles 
and spaces having the same length as the number of available 
minor storage loops configured on the substrate. When the 
data have completely filled the input track, each bit of 
data is positioned adjacent to a separate storage locp. The 
entire page is transferred en mass to the minor loops in a 
single "swap" operation as depicted in Figure A.10. A 
current pulse is applied through a conductor which causes 
the bubble in the input track location to move onto the swap 
gate location at the top of the storage loop and simultane- 
ously moves the bubble previously in the swap gate to the 
input track location. As a new page of data is streamed 
onto the input track for storage, the old data bukbles 
swapped from the storage loops are moved to an area at the 
end of the input track known as a guard rail where they are 
annihilated. It is important to note that as the data are 
rotated about the substrate, data associated with a partic- 
ular page maintain the same relative positions within the 


storage loops as all bubbles move simultaneously. 
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STORAGE LOOP 





Figure A. 10 Input of Data to a Storage Loop. 


7. Data Output 


At the output side of a minor loop, data to be read 
are reproduced from the output storage location by a "repli- 
cate gate" as depicted in Figure A.11. An applied current 
pulse stretches and cuts the data bubble in much the same 
way as in the seed bubble operation, placing the new bubtle 
onto the output track while leaving the original bubble in 
its storage location. Since the original data remain intact 
and in original orientation within the memory, the read 
operation is non-destructive. The replicate  operaticn is 
conducted simultaneously from all minor loops resulting in 
retrieval of the page of data in the same serial pattern as 


estaklished during input of the information. 


8. Bubble Detection 
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The resulting stream cf bubbles and spaces repre- 
senting the read data in page format on the output track is 
fed serially through a voltage detection circuit which acts 


on the magneto-resistive effect of its permalloy structure. 
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Figure A.11 Output of Data from a Storage Loop. 
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Presence of a bubble affects the resistivity of the struc- 
ture as measured by an applied current. The data bubble is 
first passed through a structure which enlarges the bubble 
area to increase this effect. The detection circuit is 
usually paralleled ty a dummy detector which provides 
compensation for resistivity changes attributable to the 
presence of the rotating magnetic field. Figure A. 12 is a 
representative detection circuit. The microvolt output from 
the detector representing the stored digital data must be 
amplified to higher voltage level signals useable by 


external devices. 
9. Data Organization and Addressing 


Digital information is arranged in sequences of 
pages for transfer and remains in page format while stored 
in a kutble memory systen. The dynamic nature of such a 
system does not retain certain data in any discrete location 
but dces maintain tte relative positions between pages by 
rotating all bubbles around the storage loops simultane- 
ously. External systems utilizing bubble memory must be 
able to identify specific pages within the memory and 


retrieve the desired page during a read operation. À 
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Figure A.12 Magnetic Bubble Detection Circuit. 


particular bit of information associated with a particular 
rage stored within the bubble memory cell must ke derived 
from the page after it is retrieved from the system. A 
header/tail code could facilitate this process if necessary. 
For use as a digital recorder, the starting and stopping 
pages for particular informaticn could be stored separately 


to help identify specific recorded information. 


10. Memory Cell Components 


The term bubble memory "cell" is used to identify a 
complete component capable of storing and transferring 
Magnetic bubble digital information. Figure A.13 shows an 
exploded view of the main components that make up an indi- 
vidual memory cell. The entire packaye is usually contained 
within a structure designed to minimize the effects of the 
magnetic fields of the device on other memory components. 


This alsc provides protection oí the stored information from 
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external electro-magnetic interference or the radiations 


which may be encountered in Space. 
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Figure A. 13 An Exploded Yiew of a Memory Cell. 


B. MEMORY CELL REQUIRED SUPPORT 


Figure A.13 describes the main components that make up a 
memory cell capable of storing and transferring digital 
information in the form of magnetic bubbles, however this 
capability requires many of the processes to be initiated 
and controlled externally. Figure B.10 is a block diagran 
of a generic magnetic bubble memory system and identifies 
the major functions provided to a bubble memory fcr proper 


operation. Most of these functions were identified in the 
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description of the memory cell and the following subsections 
address these functicns in a general sense as a sunmary of 
required memory cell support. Chapter 2 and appendix B 
present the Intel Corp. components which perform these func- 


tions specifically in the Intel-designed systen. 
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Figure A. 14 Magnetic Bubble Memory Required Systens. 


Current pulses are used by a number of components 
within the cell. Bubble generation, replication, and swaps 
require separate current pulses at precise times for proper 
read and write operations and current pulses to the perpen- 


dicular coils control bubble movement within the substrate. 


Current must also be provided to the detection circuit in 
order to measure tke magneto-resistive effect of bubble 


presence during a read. 
2. Input/Output Formatter 


Digital data must be arranged into sequences of 
pages for input to the bubble memory. Also, detected micro- 
volt levels must be amplified and rearranged into the orig- 


inal page format for output. 
3. Ccntroller 


Timing and control of the signals supplied to the 
memory cell by the support components is the most critical 
aspect cf magnetic Hubble memory operation as described. 
The write operation isa specific example. It must be 
rememtered that whenever the coils are activated, all 
bubbles within the system move one location each complete 
field rotation. Bubble generate pulses must be sent at the 
precise time to arrange the bubbles in proper sequence on 
the input track. The page of locations in which the infor- 
mation is to be stored must be identified relative to the 
other storage pages and the locations must arrive at the 
Swap gates at the same instant the bubbles on the input 
track are aligned with their storage loops. The output 
process is similar in timing requirements and signal 
cuntrol: 

Such a complex system requires a separate ccntrcller 
component to coordinate the operation of the memory cell and 
its associated support components and to provide an inter- 
face to the external system utilizing the magnetic bubble 


memory. 
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APPENDIX B 
INTEL CORP. MAGNETIC BUBBLE MEMORY COMPONENTS 


This appendix describes the Intel Corp. components which 
are the building blocks used to create the magnetic bubble 
memory recorder systems descriked in this paper. 

The appendix follcws the format of Chapter 2 but pres- 
ents the components in more detail including chip pin-out 
Signals and internal configurations, if applicable. 

This thesis was initially based on the operation and 
capabilities of components as described in the information 
available in early 1584. Since then, several anomalies have 
been identified with the existing system. 

Testing of the 7114 MBM chips included identification of 
enough storage loop fairs to produce the required 8192 to 
meet design specifications. Pairs of loops were required 
due to the fact that the bootloop code stored in each half 
of the memory chip associated one bit with two storage 
loops. This was necessitated by the limited space available 
in the FSA bootloop registers. This bootloop coding scheme 
limited chip producticn enough to convince Intel to consider 
re-designing the system to allow a one-for-one coding by 
increasing the available space within the registers. 

Àn intermediate fix involving additional hardware was 
develcped by Intel and information describing these changes 
was received early this year. The BPK 5V75A prototype kit 
systems currently available incorporate an External Added 
Redundancy Scheme (EARS) to act aS an extended bootloop 
register. An external EPROM, two FSAs, anda significant 
amount of circuitry are required per bubble memory chip to 
allow the one-for-one bootloop coding, Need for the addi- 


tional hardware increases the complexity of the system as 
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well as the size and power consumption, adverse trends for 
use in space-based systems attempting to minimize these 
factors. 

To resolve the ancmalies, Intel Corp. is redesigning two 
of the existing components and plans release of these chips 
later this year. Specifically, a new 7225 bubble memory 
contrcller chip will replace the 7220 BMC and a new 7245 
fornmatter/sense amplifier chip will replace the 7244 FSA 
which will alleviate the need for the additional hardware 
and offer other benefits as well. These components have 
been designed to integrate with the remaining original 
elements of the system and the general descriptions given in 
Chapter 2 apply equally to both generations of components. 
However, due to the lack of specific information now avail- 
able, component descriptions of this appendix do not include 
the 7225 or 7245 chips. Instead, the existing 7224 BMC and 
7244 FSA chips are described and differences expected from 
use of the new chips mentioned. It must be pointed out that 
the hardware interfaces associated with the new chips may be 
Slightly different than the existing components. Systen 
schematics within this paper are based on the existing chips 
and may require modification when the new chips are intro- 
duced. However, the signals prcvided to the remaining system 
elements must be the same as with use of the old Chips so 
the change may turn cut to be internal in nature and trans- 


parent to the system designer. 


A. THE 7114 MAGNETIC BUBBLE MEMORY CHIP 


Figure B.1 identifies the 7114 magnetic bubble memory 
(MBM) chip pin-outs and associated signals. Table 10 gives 
a short description of each of the pin-out Signals identi- 


fied in the figure including signal origin or destinaticn. 
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"Figure B.1 7114 Magnetic Bubble Memory Chip Schematic. 


The 7114 magnetic bubble memory (MBM) chip contains the 
substrate material in which magnetic bubbles are produced 
and stored, the permalloy structures which determine bubble 
location, the permanent magnets which ensure bubble 
Stability, and the perpendicular coils which control bubkle 


movement. 


1. Data Storaye Configuration 
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Figure B.2 shows the data storage configuraticn of 
one haif of the memory cell. Each half system is conposed of 
four  "octants" of memory areas with permalloy structures 
configured in the major-track/minor-loop storage architec- 
ture. Each octant bas its own seed bubble generator, input 
track, and output track. Detector circuits are shared by 
pairs of memory octants. 

Each octant has 80 storage loops resulting in 640 
total locps per chip. During the manufacturing process each 
loop is tested and 540 perfectly operating loops are identi- 
fied. Of these, 512 are used for data storage, 28 are used 
to hold error correcting codes appended to the information 


stored within the memory, and 2 contain bootloop information 
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TABLE 10 | 
7114 ABA Fin-Out Signal Descriptions 





I 
Symbol Pin No | YO | Source Destination | Description 
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identifying the useable loops. A single bootloop is used to 


identify the Operating loops within one half-systen. The 
remaining non-identi fied loops are either defective or not 
used and are masked ty the bootloop code. This redundant- 


loop manufacturing process increases the yield of useable 
devices. 


Each storage loop is made up of 8192 permalloy 
structures including the input and output locations. This 


results in a single-chip user Storage capacity of 4,194,304 
Lits (four megabits) cf digital information. 
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Figure B.2 Intel 7114 Bubble Memory Chip Data Organization. 


2. Data Input/Output 


In figure B.2 the left two octants are labelled 
EARLY and the right two labelled LATE. Two bubble generate 
Signals are sent to each half of the memory chip each rota- 
tion of the external rotating field, the presence of a 
binary "one" to be represented by generation of a magnetic 
Eubble for storage with absence of a bubble representing a 
binary zero. The first signal operates both bubble genera- 
tors of the EARLY fair of octants creating two identical 
streams of bubbles and spaces along the input tracks. The 
second generate signal operates the LATE pair of generators 
one half rotation of the external field later. Storage 
loops, and their associated swap gates, are spaced every two 
propagation locations along the input track. Data on the 
input track of one of the pairs of octants is delayed by one 


field rotation placing the odd bits at the swap gates of one 
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octant and the even bits at the swap gates of the other 
octant within a pair. A single current pulse swap signal 
operates all swap gates in the memory simultaneously. The 
duplicated bits on the input tracks not associated with a 
swap gate, and the cld data kits swapped out of the memory 
and onto the input tracks, profagate to the end of the input 
tracks as new data is generated. The end of the track is a 
"rail guard" where these unused bubbles are annihilated. 

240 loops are used to store data within the bubble 
memory Chip. 512 hold information sent to the memory for 
storage, and the remaining loops contain 28 bits of error 
correcting code appended by an external device to every 
block of data input fcr storage. Data must be arranged in 
512 bit blocks ("pages") for each input operation and the 
data streamed onto the input tracks properly to coincide 
with the desired storage loop locations. 

The output process is performed similarly. When the 
desired data page is rotated under the replicate gate loca- 
tions, a signal to the memory chip simultaneously rerroduces 
the data onto the output tracks of all the octants. Storage 
loops are spaced every other location along the output 
track, so the data of each pair of octants is merged 
together to before being delivered to the shared detector 
EXECUIT. The magneto-resistive detector circuit voltage 
signal is sensed by an external device which reconstructs 


the original serial configuration of the data. 
3. Bootloop 


Each half system in the memory chip contains a 
storage loop dedicated to preserving the information which 
identifies the operating storage loops in that half systen, 
and synchronization data used to determine the relative 
position of the pages of stored information. This data is 


loaded into the dedicated loop after the 540 operating loops 
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are identified during the manufacturing process. The infor- 
mation is used by the support components in configuring the 
data correctly for input and reading the data correctly 


during output as well as keeping track of the rotating data 
pages. 


B. THE INTEL 7250 COIL PRE-DRIVER CHIP AND 7264 COIL DRIVE 
TRANSISTORS 


Using timing signals from the bubble memory controller, 
the 7250 coil pre-driver (CPD) chip produces high current 
outputs to the 7264 coil drive transistors (CDT) to form the 
triangular waveforms which drive the perpendicular coils 
around the 7114 MBM and establish the rotating magnetic 


field for magnetic bukble movement within the cell. 


1. 7250 Coil Pre-Driver 
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Figure B.3 identifies the 7250 coil pre-driver (CPD) 
chip pin-outs and associated signals. Table 11 gives a 
short description of each of the pin-out signals identified 


in the figure includirg signal origin or destination. 
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Figure B.3 7250 Coil Pre-Driver Chip Schenatic. 
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TABLE 11 
7250 CPD Pin-Out Signal Descriptions 


Pin No | VO | Source Destination Description 


i 7244 FSA | Ch.p select li «Ss active low vynen nign Chip iS 
aese:ecteg and lia !S SiQnmitfticantiy reouced 


Power f ai! Circu! Active 10w inQUI from RESET OUT ot D7224-1 
Contirouer torces 7250 outputS inactive SO that 
D.Cbie memory 'S protected in tne event o! power 
Supply laure 


Asih A= IN 314 72:4 BMC | Active low irpu's from Controtier which turn on 
the uan current X outputs 


A  ———————— —— — | 


Ic OUT 2 , | High cutrent outputs and their complements tor 
R= CUT Oriving tne gales ot tne 7264 transisiors 

A. OUT whiCh in turn drive the X Coils Gt tne tubble 
ms) OUT memory 


Y BEN. ICE Y - iN 7224 BMC | Active low inputs trom Controtier which turn on 
the high current Y outputs 


rtiqn-current outlDulS ang tneir compiements 
'of Otiving the gates Of the 7264 transistors 
which in turn gn ve the Y coils of tre OUODIE 
Memory 
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2. /264 Coil Drive Transistors 
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Figure B.4 depicts the configuration of one set of 


four matched 7264 coil drive transistors (CDTs) and the 


associated signals. TWO such sets of transistors are 
required to drive bcth of the perpendicular coils which 
surround the substrate material within the 7114 MBM. Takle 


12 gives a short description of each of the signals identi- 


fied in the figure including origin and destination. 


C. THE INTEL 7234 CURRENT PULSE GENERATOR CHIP 


Figure B.5 identifies the 7234 current pulse generator 
(CPG) chip pin-outs and associated signals. Table 13 gives 
a short description cf each of the pin-out signals identi- 


fied in the figure including signal origin or destination. 
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Figure B.4 7264 Coil Drive Transistor Schematic. 


Using timing signals fron the bubble memory controller and 
generate signals frcm the formatting device, the 7234 
current pulse generator (CPG) sends current pulse signals to 
the 7114 MBM which perform the generate, swap, replicate, 
and bcotloop functions during read and write to the memory. 
The 7234 also monitors both the 12 volt and 5 volt d.c. 
Supplies to the system and produces a power-fail signal to 
the memory controller if either supply exceeds its threshold 


values. 


D. THE INTEL 7244 FORMATTER/SENSE AMPLIFIER CHIP 


Figure B.6 identifies the 7244 formatter/sense amplifier 
(FSA) chip pin-outs and associated signals. Table 14 gives 
a short description cf each of the pin-out signals identi- 


fied in the figure including origin or destination. 
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7264 CDT Fin-Oat Signal Descriptions 


7264 


| Four matched pair of N- and P-channel tran- 
sistors In industry standard TO-220 Discrete 
packaging. 





i PIN 1 — Gate 
PIN 24 TAB — Drain 
PIN 3 — Source 
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Figure B.5 1234 Current Pulse Generator Chip Schenatic. 


As the name implies, the 7244 formatter/sense amplifier 
performs a number cf functicns concerned in the data 
transfer within the system. Figure B.7 shows a  tlock 


diagram of the internal configuration of the device. 
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TABLE 13 
7238 CPG Pin-Out Signal Descriptions 


ume [eee [esee m [ omom O] 
BOOT EN 7224 BMC AN active low input enabling tne BOOT REP output 
current puise 
BOO) REF 7114 MOM Án output providing the Current pulse for bootstrap 
loop replication in tne Dubbie memory 


BOOT SWAP 7114 MBM An output providing a Current pulse which may be 
used for writing data into the bootstrap loop 


BOOT Sw EN .7224 BMC An active low input enabling the BOOT SWAP out. 
Dut current pulse 


ES 7 72434 FSA An active low input for seiecting the chip The 
cnip powers down during deselect 
GEN A 7114 MBM An Output providing tne current pulse for writing 
data into the "A" quacs o! the bubble memory 
GEN B 7114 MBM An output providing tne current puise for writing 
data into ine "B quads of the bubbie memory 
GEN EN A 5 7244 FSA An active low input enabling tne GEN A output 
current pulse 
GENENB 7244 FSA An active low input enabling tne GEN B output 
current pulse f 
PVR FAIL 7224 BMC An active low open collector output indicating 
that either Vcc or Von !S below its threshold value 
| MEE External Resistor Tne pin for tne reference current generator to 
which an external resistance Must be connected 
— A 7114 MBM 
tion of data in the ^ A" quads ot the bubble 
memory 
An output providing the current pulse for replica: 


REP 8 7114 MBM 
ton ot data in the "B" quads of tne bubble 
memory 

REP EN 7224 BMC An active low input enabling the REP A and REPB 
Outputs 

SWAP t 7114 MBM 
ing the data Detween the input track and the : 

storage loops in the bubble memory 


SWAP EN Et 7224 BMC An active low input enabling the SWAP output. 

TM A 7224 BMC An active low timing signal determining the cut 
Dulse widths o! the BOOT REP, GEN A, GEN B, 
REP A and REP B outpurs 

TM B 3 7224 BMC An active low timing signal determining the 
transfer pulse widths of the BOOT REP GEN A, 
GEN 8 REP A and REP B outputs 
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An output providing the current pulse tor replica. 









AN Output providing the current pulse tor exchang- 











The FSA is a dual-channeled device with one channel 
corresponding to one of the half-systems of four cctants in 


the 7114 MBM storage scheme. The bootloop information is 
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Figure B.6 7294 Formatter/Sense Amp Chip Schematic. 


stored ina bootloop register to identify the operating 
loops within the corresponding half-systen. Each channel 
also has a first-in/first-out (FIFO) register used in data 
transfer to and from the bubble memory. Each FIFO holds 270 
bits cf which 256 represent half of the 512 data bits per 
page reguired for each transfer process. The remaining FIFO 
spaces hold a 14-bit error correction code appended by the 
FSA to each 256 bits of data input for storage to the 
respective half-systen. 

The FSA also contains an internal status register which 
is used to communicate the status of the FSA FIFO or infor- 
maticn ccncerning errcr correction capabilities or types of 
detected errors. 

The serial communications block serves as the interface 
to the bubble memory controller. The DIO line is a 
bi-directional serial bus which transfers data and commands 
between the FSA and the controller. These functions are 
differentiated by the signal level of the command/data (C/D) 
line from the bubble memory controller. Commands are sent 
to the FSA from the controller as one of the four bit words 
described in table 15. These commands are sent to the FSA 
automatically by the Eubble memory controller to conduct the 
operation requested Ey the external system. No direct inter- 


action is required by the external system in sending the FSA 
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TABLE 14 
7244 FSA Pin-O0ut Signal Descriptions 


Symbol | Pinno. | vol Source/Destination Description 


Rx E | 










FSA to enter a receive command mode when high 
mediately terminated by C D 
Giger Same TTL 'evel clock Used Ic generate internal 
timing as used for O7 224-1 


and to interpret the serial data line as data wnen 
CS External Án active low Sign al used for Multiplexing of 
FSAS The FSA is disabled whenever CS is high 
(ie it presents a hign impedance to the bus and 
ignores ali Dus activity? 
OETA + DETA- |6789 7114 MBM Ditterential signa: lines trom tne MBM detector | 
DETB+ DETB- 
1? LO 











low Any previousiv active command will De im- 
FATA QUI A 
DATA OUT 8 iz 72344 C PG Output data trom the FIFO to the MBM generate 
circuitry Used to write data into tne Dubble device 
{aclive low) 
7224 BMC The Serial Bus data line (a Didirectional active high 
signal} 
wd - 


ERAF G K 7224 BMC 
E Power Fail Circuit 


a lai 
SECECT Oui 2 7244 FSA 
ternally pass SELECT IN to Channel B (delayed by 
one clack) 
Smile) CLK 15 7224 BMC A Controller generated clock signal that shall be 
used to clock data out of the Dubole O Output 
Latch to the Dubbie module during a write opera- 
input Latcn on a read | 





TTL level Outputs utilized as chip selects for other 
interlace circuits They shall be set and reset Dy 
tne Command Decoder under instruction ol the 
Controller (active low) 


ENABLE A 
ENABLE 5 











An error tlag usea to interrupt the Controller to in- 
diCate that an error condition exists It shall be an 
open drain active low signal 














An active low signal that shall reset all flags and 
pointers in tne FSA as welt as disabling the chip 
as tre CS signal does Tne RESET pulse width 

must be 5 clock periods to assure tne FSA 15 pro- 
periv reset 






An input utilized for time division multiplexing An 
active low signal whose presence indicates that 

the FSA iS to send or receive cata trom tne Serial 
Bus during the next two clock periods 














Tne SELECT IN pulse delayed Dy two Clocks It 
Shall be connected to the SELECT IN pin of tne 

next FSA It is delayed Dy two Clocks because the 
FSA is a dual channe device Channel A shall in- 





tion and to cause Dubble signals to be converted 
by tne Sense Amp and clocked into the Bubbie VO 





commanc codes or any other of the bubble memory operating 
control signals. 
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Figure B.7 7244 Formatter/Sense Amp Internal Block Diagram. 


E. THE FOUR-MEGABIT MEMORY MODULE 


The components described above are combined to form a 
magnetic bubble memory "module" capable of storing uf to 
four-megatits of digital information. This module represents 
the smallest building block component on which designs of 


larger capacities and capabilities may be built. 
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TABLE 15 
FSA Command Codes 


Set Correction Enable Rit 
Read Status Register 


1119 
Iur 


"MA 

| NAME CODE 
No Operation veda 
Reserved Qu i 
Software Reset 231A 
Initialize WW 1 1 
Write MEM Data VIL 
Read MEM Data 101 
Internally Corrected Data 112 
Read Corrected Data 4111 
Write Bootloop Register 1000 
Read Boctloop Register 1001 
Reserved 13190 
Reserved 1011 
Set Enable Bit 1108 
Read ERR.FLG/ Status Toe 

| 


F. THE 7228 CONTROLLER 


Figure B.8 identifies the 7224 magnetic bubble memory 
contrcller (BMC) Chip pin-outs and associated signals. 
Tables 16 and 17 give a short description of each of the 
pin-out signals identified in the figure including. signal 
crigin or destination. 

Ihe 7224 contrcller is designed to coordinate the 
efforts of the support components for proper operaticn of 
the 7114 MBM chip. The controller provides the Support 
chips with the timing signals critical for controlled move- 
ment of the bubbles within the chip, proper creation and 
sequencing of bubbles for input, and for timely production 
of swap and replicate signals as required for data input and 


cutput from the memory storage loops. 
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Figure B.8 7229 Bubble Memory Controller Chip Schematic. 





Ihe controller also serves as the interface between the 
memory system and external systems utilizing the memory. 
Based on ccmmands received from the external system, the 
bubble memory controller automatically generates the 
required signals to the support components to conduct the 
requested operation, with no further action required by the 
external system other than to provide or accept data from 
the memory system at a known rate. 

A single bubble memory controller is designed to control 


up to eight bubble memory chips simultaneously. 


1. 7224 BMC Internal Configuration 


ao 


The internal configuration of the bubble memory 
contrcller is as shown in the block diagram of figure B.9. 
The functions of the individual sections are briefly 
described. 


a. Sequencer 


The execution and timing of memory operations is 


coordinated through the sequencer. 





TABLE 16 
7228 BMC Pin-Out Signal Descriptions 


[Lee Cd 


02434 CPG A low torces a controlled sicp sequence and hoids 
BMC in an IDLE state (simiiar to RESET) 





od FSA An active low sicnal to disabre external logic 
e i-r initiated Dy PWR FAIL or RESET signals but not 


Current Switzn active until a stopping Point in a field rotation is 
reached (if the BMC is causing the bubble 
memory drive field to be rotated) 


Host Ges A low on this pin forces the interruption of any 
BMC sequencer activity pertorms a controtied 
shut-down and initiates a reset sequence After 
the reset sequence ¡s conciuded a low on this pin 

: causes a low on the RESET OUT pin, furthermore, 
the next BMC sequencer command must be either 
the Initialize or Abort command, all other 
commands are ignored 


Host Bus A low on this pin enables the BMC output data to 
be transterred to the host data bus (Da-Dg) 


Host Bus A low on this pin enables the contents of tne host 
data bus (DoD, to be transterread to the BMC. 





O 
= 
x 


3 
D 





El 
Oj 





















Host Bus A low Signal is a DMA achnowledge This 
notities the BMC that the next memory cycle is 
available to transfer data This line should be 
active onty wnen OMA transfer is desired and the 
OMA ENABLE bit has been set CS should not be 
active during DMA transters except to read Status 
It OMA ts not used, DACK requires an external 


Pullup to Vc. (5 1K onm) 









A high on this pin indicates that a data transfer 
between tne BMC and the host memory is being 


Host Bus 
requested 

Host Bus A rising egge On tnis pin indicates tnat tne BMC has a 
new Status and requires serv:cimg when enabled Dy 
ine host CPU 

Host Bus A high on this pin selects the command/status 
registers A low on this pin selects the data 
register 


Host Bus Host CPU data bus An eight bit bidirectional 
port which can be read or written by using the 
RD and WR strobes Do shall be the LSB 
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Ek. System Bus Interface 


The system bus interface allows the bubble 
memory controller to interact with an external system to 
ensure transference of data to and from the memory system at 
the rate which is set by the number of memory modules teing 
accessed simultaneously. The 7224 BMC is capable of 
sustaining a transfer rate with an external system of up to 
one-megatyte per second which is more than adequate for all 


possible system operating configurations. 
C. FSA Select Logic 


Timing between the controller and the  FSAs is 
accomplished through this logic. Multi-memory module ofera- 
tion differs significantly frcm single module operation as 


was described in Chapter 2. 
d. Powerfail, Abort, Reset Logic 


To preserve data integrity within the 7114 MBM 
the system must be shut down ina known manner. In the case 
of a power failure or a commanded abort/reset, the shut-down 


routine is activated by this section of the controller. 
€. Register File 


Six registers are accessed by the external 
system to prepare the system for the up-coming operations. 
The registers specify the operation to be conducted, the 
amount of data to Le transferred, the bubble cell to be 
addressed, and the method to be used in the transfer. A 
register is also used to report the status of the operation 
and the cccurance cf any errors or complications. 

Operation of the bubble memory system requires 
frequent interaction with the BMC registers as was described 


in Chapter 3. 
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TABLE 17 
7224 BUC Pin-Out Signal Descriptions (cont.) 


LICHEN 
(tM | Host Bus Chip Select Input A high on this pin shall disable 
BE i 


















the device to all but OMA transfers (1e , it ignores 
¡244 FSA 


Dus activity and goes into a high Impedance state) 
a E ra 
E 4 - 


A bidirectional active hign data line that shall be 
used for serial communications with 7244 FSA 
devices 















AN active lOw Output utitized to create time 
JiMSIiÓN multipiexing SIOIS in a 7244 FSA chain it 
shail also indicate tne beginning ot a data or 

command transter Detween BMC and 7244 FSA 





A controller generated clock tnat initiates data 
transter between selected FSAs and their 
corresponding bubble memory devices. The timing 
of SHIFT CLK shall vary depending upon wnether 
data is Deing read or written to the bubble 
memory 















An active low Signal that indicates that tne DIO 
line 1S in the output mode, 1e , BMC is sending 
data to FSA it shall be used to allow off-board ex- 
pansion ot 7243 FSA devices 


BUS RO 25 


M 






T5 User External 
Circuit 











A Didirectional pin that shall be tied to the WAIT 
pin on other BMCs when operated in parallel It 
shall indicate that an interrupt has Deen generated 
and that the other BMCs snould nalt in 
Synchronization with the interrupting BMC WAIT is 
an open collector active low signal Requires an 
external pullup resistor to V c (5 !K ohmi 









To Alternate 
Controllers) 
When User S,stem 
Uses More Than 
One Cuntroller 














An active lOw :nput generated external, Dy 
7244 FSA indicating that an erroe cona tion 
exists It :S an open collector input which requires 
in external puttup resistor (5 1K onm) 


72434 FSA 









An active low signal that indicates the system is 


É is 
in the read Mode ang may De detecting It is useful 


28 
for power saving in the MBM 
Cu 29 7234 FSA A high on this line indicates that the BMC is 
beginning an FSA command sequence A lowon 
this line indicates that the BMC is beginning a 
data transmit of receive sequence 
BOOT SW EN 30 7123388 B An active líw Signal wnicn may De used for 
enabung the BOOT SWAP ot tne 7234 CPG 
SWAP EN 31 129400] pG An active low signal used to create the swap 
function in external circuits 
BOOT EN 32 7234 CPG Án active low signal enabling the bootstrap loop 
replicate function in external circuitry 
REP EN 33 7234 CPG Án active low signal used to enable the replicate 
function in external circuitry 
TMB 34 2123946 PG An active low timing signal generated by the 
decoder logic for deterinining TRANSFER pulse 
width. 
7234 CPG Án active low timing signal generated by the 
decoder logic for determining CUT pulse width. 
36-39 7230 CRO Four active low timing signals generated by the 
decoding logic and used to create coil drive 
currents inthe Dubble memory device 






To User External 
Circuit 
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Figure B.9 1224 BMC Internal Configuration Block Diagram. 


I. IBS 


The FIFO is a 40 x 8 bitS first-in/first-out RAM 
used as a data buffer between the bubble memory and the 
external system. Data is transferred between the BMC FIFO 
and the FSA FIFO at a fixed rate which is multiplied by the 
number of FSAs within the system. The average data transfer 


rate to a single memcry module is 16 kbytes per second. 


>The FIFO un E 7225 bubble memory controller is to be 
increased Di x 8 bits. This “equates to two full 
single bubble e pajes. This improvement should make 
data transfers easier to acccmplish and will protect the 
system from errors due to timing differences between the 
Tbe memory and tte external system better than the 7224 
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Y. Signal Decoder / DIO 


Signals to the bubble memory system must cccur 
at specific times in relation to the rotating magnetic field 
which corresponds to bubble position within the memory. This 
functional section of the controller contains the logic to 
create these timing signals. This section also performs the 
serial-tc-parallel and parallel-to-serial data conversions 
required to communicate with the 7244 FSA over the serial 
DIO line. Finally, this section also contains the logic to 
encode/decode the bootloop information for use by the FSA. 

Figure A.14 is a circuit diagram of a complete 
magnetic bubble memory system composed of the ccmponents 
descrited above, capable of storing up to four-megabits of 


digital information. 


G. BUITIPLE MODULE SYSTEM CONFIGURATIONS 


A single 7224 bubble memory controller is capable of 
operating up to eight memory modules simultaneously. Figure 
B.11 shows how the system as depicted in figure B.10 is 
expanded to incorpcrate multiple magnetic bubble menory 
modules. 

The Lenefits of multiple module operations is presented 
in Chapter 2 and will not be repeated here. However, the 
method of communicaticn between the bubble memory controller 
and the multiple FSAs servicing their respective memory 


modules is discussed in the next subsection. 


1. BMC 


FSA Communications 


Figure B.12 highlights the interconnections between 
the BMC and multiple FSAs to help explain the method of 
communication between the bubble memory controller and 


multiple memory modules. 
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Four-Megabit System Circuit Diagram. 


Figure B. 10 
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Figure B. 11 
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Memory System Expansion. 
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Figure B.12 BMC - FSA Communications. 


In order to share the same DIO serial communication 
line tetween the BMC and the FSAS, communication must be 
established with each FSA individually to avoid ccntention 
over the single line. This is done by passing an enabling 
Signal from FSA to FSA via the chip "select in" and chip 
"select out" lines. Commands and data sent over the single 
DIO line are differentiated by the signal level on the 


conmand/data line shared coumonly by all FSAs in the system. 
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a. EStablishing communication and conmands 


Figure B.13 is used to explain multiple nodule 


accessing and command by the bubble memory controller. 
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Figure B.13 Access and Command of Multiple Memory Modules. 


To establish communication, the BMC indicates 
"Command" by a high level signal on the command/data (C/D) 
line, pulses the first FSA "select-in" line (SYNC as shown 
in the figure), and sends a 16-bit address word serially 
over the DIO. Each fair of address bits corresponds toa 
separate memory module FSA; the first two bits correspond to 
the first FSA in sequence, the next two bits to the second 
FSA, etc. The maximum number of FSAs and memory modules 
that may be addressed by the bubble memory controller there- 
fore is eight. 

The first FSA delays the SYNC signal by twc BMC 
clock cycles and then repeats the pulse on its own chip 
"Select out" line which is connected to the following FSA 
chip "select in" line. During these two clock cycles, the 
FSA is enabled and lcoks for two high level pulses on the 
DIO line. If the pulses are received, communication with 


the module is requested and the FSA stands by to receive a 


four-bit command when the C/D line is lowered indicating 
data. If two "ones" are not received then that module is 
not involved in the up-coming operation and remains on 
standby. Elements within the standby module are not enabled 
by the FSA and ignore timing and other signals from the BMC 
on the other common lines. 

The SYNC pulse is delayed two clock cycles 
within each FSA before the signal is passed on to the next 
Sequential memory module. The C/D line is held high for 20 
clock cycles no matter how many modules are in the system or 
how many modules are to be addressed. 20 additional clock 
cycles are allocated after the C/D line is lowered for the 
BMC to send out the four-bit command code and, if the 
command is to check the FSA status (only one module can be 
addressed at a time for this operation), to receive the 
eight-tit status word from the addressed FSA. It is after 
this pcint that data may be transferred between the BMC and 
FSAS in the method described next. 

Note that the four-bit command codes sent by the 
BMC over the DIO are read Simultaneously by all enabled FSAs 
when the C/D line is lowered. This indicates that all 
enabled modules perform the same functions when operating in 
parallel. 

(1) Multiple Module Data Transfers. Figure 
B.14 depicts the timing involved when the received ccmmand 
fron the BMC calls fcr data transfers. The SYNC pulse on 
the first FSA chip "select in" line enables it to access the 
DIO line. Since this signal is delayed two BMC clock 
cycles, only two bits of data are transferred with a single 
module each BMC SYNC pulse. The SYNC pulse is daisy-chained 
down the line of FSAS and the BMC correlates bits in 
sequence on the DIO line to the enabled FSAs. A new SYNC 
pulse is sent out by the BMC every 20 clock cycles until at 


least one "page" of data has been transferred between the 


BMC and each FSA invclved in the operation. This set timing 
scheme establishes tLe data transfer rates and required page 
sizes associated with different memory module accessing 


configurations. 
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Figure B. 14 Kultiple Module Data Transfers. 


H. OFERATING LIAITATIONS AND REQUIREMENTS 


This section will outline the operating limitations of 
the Lubble memory system and describe some of the systen 


requirements includirg recommended support circuits. 
1. Cperating Limitations 


iP awe SS Ml a O SS Sy O O A (DS opm 


Table 18 lists some of the operating limitations of 


the 7114 magnetic bulrle memory chip. 
2. Yoltage Regulator Circuitry 


Figure B.15 depicts a voltage regulation circuit 
used by Intel on the BPK prototype kit. Intel recommends 


that multi-module configurations, such as described in 
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TABLE 18 
7114 Absolute Maximum Ratings 


Operating Temperature ..... 10*C t0 55*C Case 
Relative Humidity........... P 95% 
Snelf Storage Temperature (Data Integrity 
Not Guaranteed)... fee oo eto + 125°C "COMMENT Stresses above those listed under "Absolute 
Voltage Applied to DET.SUPPLY . 14 Voits Maximum Ratings may cause permanent aamage to tne 
Voltage Applied to PULSE COM 14 volts device This is a stress tating only and functional opera- 
Continuous Current between DET COM ana tan of the device at these or any other conditions above 
Detector Outputs.. m A 20 mA tnose ird.cated in tne o2erabona! sections of this 
EuUSUmrment... eso nnn nm zc 0923 D'C. scecitcation is not implieo Exposure fo absolute maxi- 
External Magnetic Field tor mum rating conditions for extenoea periocs may attect 
Non- Volatile Storage .......... 20 Oersteds Device reliaDility 
Non-Operating Handling Snock 
iamtmoutSOCKeGI).....9 95 ........ .. 200G 
Operating Vibration (2 Hz to 2 kHz 
IS O a ee 20G 


Chapter 2, should include one voltage regulation circuit per 
nemory board. The regulator circuit is intended to maintain 
the vcltage supplies within tolerated limits which are +5V 
Deeett/—- 5%) anda *12Y LC (+/- 1%). 


3. Powerfail Circuit 


woo E ti i 


Figure B.11 depicted a  powerfail circuit associated 
with the bubble memory system. The circuit is designed to 
detect if either of the required power sources fall beneath 
the low-end margins for operation (-5% on the 5V supply and 
-1% on the 12V supply). The circuit assists the 7234 CPG 
which provides the pcwerfail signal to the bubble memory 
contrcller to shut down the system in a manner which 
preserves data integrity. 

The circuit also contains storage elements to main- 
tain adequate power for proper system shut-down, and a 
powerfail signal delay circuit to prevent powerfail indica- 


tions during system cwer-up. 


118 





Figure B.15 Voltage Regulator Circuit. 


I. TBE EPK 5V79A PROTOTYPE KIT 


Figure B.16 depicts the  BPK 5V75A four-megabit magnetic 
Lubble memory prototype kit presently available from Intel. 
The kit is basically a single memory module with a dedicated 
7224 kEukble memory ccntroller chip and necessary support 
circuits. The major components and circuits are annotated on 
the figure. Of particular interest are the voltage regulator 
and powerfail circuits, dual 7245 formatter/sense ampli- 
fiers, and external EFROM. The dual FSAs and EPROM are part 
of the External Added Redundancy Scheme (EARS) modification 
Intel has incorporated to increase the production yield of 


useakle devices. 
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